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In the midst of winter
™
I finally learneﬁ
That there was in me
An invincible summer

v =

~ 7 Albert Camus
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ABSTRACT

This-study differs from previous investigations into the
effects of ontogenetic change on motor performance in several
ways. It encorporated equal numbers of males and females, and
gqual numbers of subjects in all éf the six "demi—decade" agé
groups ranging from 55 to 84 years. It categorized suggects into
~ “cardiovascular behavioral profilgs, and maintained strict
-sﬁandagds pertaining to cardiovascular health and visual acuity.

This experiment also employed the usé of a subject-paced pursuit
tracking task faciiitating the measﬁremené of performance speed
and accuracy variables concurrent}y. 'A repeated measures design
was emplgyetl to identify changes in performance 'with practice.
Subjects also completed the Jenkins’ Activity ‘Survey which
classified their posélble predisposition « to coronary heart
disease: Bgsed on the results of this survey, all of the
subjects over the age of 75 years were found to have a Type B
behavioral profile. Therefore, all of fhe comparisons of
cardiovascular behavioral profile, i.e., Type A vs. Type B, were

restricted to those subjects..aged 55 to 74 years.

The data for .response speed measures including total

response “time, correct reaction time, and non-overshoot m;vement
time, indicated that youngef subjects were generally
significantly faster than -were older subjects. Males were
signififcantly faster than were-females, particularly in the Epe
-first block of trials. The cardiovascular behaﬁioral profiles

did not. differ in performance speed significantly. The data for

the performance accuracy measures, error rate and overshoot rate,

iv
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indicated that generally, younger subjects &ere signific;ﬁtly
more accurate than  were oléer subjects, 5ithough this
age—accuracy relationship was erraﬁic; The difference between
mgles and females ‘on éécuracy measures was not significant,
Similariy, the cérdiovascular behavior profiles..did not differ
significantly‘ in their accuracy rates. F;;ally, the data
indicated that the increase in 'reaction times following a
response error were ﬁot statistically significant between younger
~and oldér subjects; between males and females; or between Type A’

» Tahd Type B cardiovascular behavioral profile subjectss

-
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CHAPTER ONE

Introduction ' .

- In general, motor performance theory attempts to explain how
skilled pefformers utilize available information in perceiving,
decidinghupon, and organizing an action in acéordance with the

——=demands—placed on them by the environment (Schmidt>‘1982). An
overview of the literature suggests that if this processing is
efficient and accurate then the resultant movement should be
coordinated witﬁ the specific demands 6f the task. If on the
other hand, the B;ocessing is faulty then the resulting action(s)
may be in error. Hence, studying the incidence of, and the- type
of errors made by an individual, in ‘this <case an aging
individual, provides a means of examining %rOCefsing efficiency

in motor performance (Marteniuk, 1976; Massaro, 1975).

™ ‘
3

Rationale - -
Ay

Error reduction is acknowledged as being one of the main
characteristics of the learning process. Errors are important in
that learning how to anticipate, avoid, and/or respond to errors
is a key factor when attempting to improve the level of
performance. In the past the focus of studies evaluating the
effects of aging on Psychomotor performance has been on

|
performance decrements (i.ge., the slowing with age) rather than
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on how seniors regpond to these changes (i.e., the compensations

.

made with age). Numerous experiments and reviews have identified

a myriad of physical and psychological adaptations that are

incurred with age., However,

A
.
f r,,-f’

"Coming to terms with these problems while
still being able to engage in substitute

activities and retain a high sense of life ~

_satisfaction, is the major demand made on
the aging. Trying to understand these
processes and to learn how to intervene in
order to slow down or reverse negative
outcomes is a major demand made on the

" gerontologist." (Kalish, 1975, p.33).

‘Herrick (1983) in his study of interbehavioral perspectives
on aging concluded that gerontological psychologists have through
their uncritical use of "...medieval conceptions of behavior,
directly contributed to the negative stereotypes of elderly |
persons found in our society" (Herrick, 1983, p.95). This

—_ - Lo .
"scientific ageism" has, "...both given rise to and perpetuated

notions regarding the supposed behavioral incompetence of the

elderly" (Herrick, 1983, p.95).

According to Price, Fein, and Feinberg (1980) who studied
the neuropsycholégical assessment lof cognitive function in the
elderly, emphasis should be shifted away from describing
"deficits” in the aged (grouped en-masse} when ‘young adult
performances are the implicit standard of comparison. Instead a

realistic and qualified representative evaluation of cognitive

e

functions is needed.
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Statement of the Problem’

People of all ages make mistakes. To err is stﬁll human and
"people make errors as a byproduct of -the same information
processing mechanisﬁs that produce their .creativity and
flexibility" (Norman, 1980, p.106). Research has shown this
propensity to commit errors does change as a function of age,
gender, and ‘cardiovascular behavior profile. The Fesearch
questions to be answered' involve exploring the- relative
contributions age, gender, and cardiovascular behaviorél profile
make to one's abiiit} to respond to, and align a pursuit c<pointer
- with an illuminated target; and to compensatory'actions'tqken
following a response error. For example, was spegd sacrificed'to

regain accuracy?

Purpose- of the Study

This study will attempt to achieve a better understanding of
the relative contributions age, cardiovascular behavioral profile
and gender make to psychomotor abilities by encorporating the
following constraints into its’ ldesign. several notions
pertaining to improving researchfﬁin the area of aging have

evolved from the literature reviewed. These suggestion$ propose

to facilitate the accurate assessment of psychomotor abilities

through.  the use of a subject-paced task (Craik,1977; Gaylord &

Marsh,1975; Michenbaum,1972), utilizing a repeated measures
design (Lehman & Kral,1968; Murrell,1970), .comparing adults to
adults (Price, Fein & Feinberg,1984), reﬁresenting both males and

females in equal numbers (Botwinick & Storandt,1967; Botwinick &

[
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Thompson,1966; Noble et al., 1964), and screening for

cardiovascular h@status in . subject selection (Abrahams &

Birren,1973; Bortner & Rosenman:196?; and Speith,1965).

Contributions of the Study

Ed

By the year 2030, an estimated 50 percent of the population
will be middle-aged or older (Butler & Lewis, 1982). Wwith
improved health care, new distoveries in medicine and a
persistenﬁ low birth }ate the populatién of older persons may
increase even more ‘dramatically. Regarding the propo;ed study,
it - should be noted that efficient motor performgnce is
fundamental to the quality of everyday life and to the ability to
maintain an indépendent living style, which is a critical issue

for seniors.

t | e ’

It is important therefore, that research be directed towards
the oldet population and the aging phenomena, with the purposé of
ensuring functional a;fwell as chronological I?nﬁgvity. In so
doinq perhaps the gquality of life and independence ggperienced
durinﬁ_the middle and later years of life may be enhanced. As
ﬁankind's understanding of how motor skills breakdown with age
improves so then may one‘’s ability to teach seniors how to modify

and iﬁprove the motor skills so crucial to enjoying an

independent lifestyle.

It must be recognized that the age of onset, and the
severity of and the reaction to psychomotor deficits vary from

person to person. By ackrbwledging these individual differences,
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myths ard +stereotypes are then less likely to distort one'’s

[N

perceptions of the aging process. This = process, which often

seems to be one of inevitable physical and psychological decline,

imight more realistiéally {and optimistically) be seen as a

'process of adaptation to specific changes.

In addition, Speith (19650 has tentatively suggested that
coronary heart .disease individuals (described as having a T¥pe A
behavior) may make more psychomotor errors than their heélthy
goﬁtemporaries (described as having a Type B behavior). Bortner:
and Rosenman (1967) reﬁbrted that this errorful slowing in
performance may be evident prior to the overt manifestation of
the physical dysfunction. Consequently, if decrements in motor
performance are associated with aging, and with disease, then

accurate information on the extent of, and the nature of these
P .

> decrements may prove valuable...when  counselling the elderly

_regarding possible consequent changes in their 1life style,
particularly if illness ig involved. Health care professionals
may one day use the relative functional motor ability of their
clients. to prescribe rationél meaningful supplementary
activities, such as those involving‘ cognitive decision—ﬁaking
and/or .physical fitness, to enhance-or maintain their client’s

well-being. In motor behawi-or terms, understanding how

\ information 1is processed and behavior regulated may facilitate

continued performmnce (Stelmach, 1982a).
L}
.
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Definition of Terms oo

— —~ Before this discussion on humah performance continues .

perhaps . several of the'Eerms whith are to be employed should be

defined.
\

Information
i

Events such és words, moveggh;s, sounds or pictures (or as
in the <case of the pn?sent studgt the illumination of a target
light) convey particular{information. The more wunfamiliar or
unprediétaﬁle ‘the event 1is, the more potential information it

holds, such as {ts location or acceleration.

Information Processing

-

In exegﬁting a perceptual-motor skill, a number of central
nervous system operations precede the actual movement. Each of
these operations manipulaﬁls information in some manner and
consequengly takes time. Information processing here refers to

the use of information to result in movement.

Information Transmission

When an individuai uses information from the event and the
environment in order to produqe a movement, information is said
to have been transmitted. In other words, the environmental
information acts as "input" to the central nervous “system

operations wunderlying movemgﬁgfﬁ is movement is then the

-

"output”.
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»

Perceptual-Motor Skill

refer’ to those activities involved in manipulating the
parts thereof) in order to accomplish a specific objective,
Similar to a cognitive skill, emphasis will be placed on the
central nervous system operations pfeceeding the movement.

Perceptual-Motor Learning’

While perceptual-motor performance is the present level at
which an individual executes a skill, learning is concerned with
his or her improvement in a facet of the skill for example, the
speed or the accuracy with which the information is processed.

Motor Commands.

Oonce the plan of action has been selected (specifying the
values of the various parameters of the movement with—respect to
the environmental demands) it must be coordinated: The effector
mechanism organizes the necessary sequencing of nervous impulses,
and sends these commands (orders) te the muscles to produce the
desired movement.

—dovement Execution and Control

Once these patterns of.neryous impulses have been directed
to the muscles, movement execufﬁon follows. At this point these
muscles are not only under. the aﬁﬁpices of the 1initial motor
commands, but they are also, shortl&, subject to the influence of

feedback.
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CHAPTER TWO

SURVEY OF RELATED LITERATURE

Perceptual motor performance is said to be based upon thé
interaction of three variébles. The first of these concerns the
demands of the specific task, especially the demands performers
make upon themselves for standards of achievement. Hence, the
initial diséusgioﬁ in this chapter willa\Pe of the attitudes
society 'has of the elderly, and how these sociétal mores and the
attitudes the elderly have of themselves, and of their situation,
_effect their performance on psychomotor assessments. Followin§
this presentatfbn, the issue of task compléxity will be revie@ed

through  the observed age-related declines in reaction and

movement time.

The second of the three variables, and the next Secﬁion of
the review, focuéses on the mental and physical capacities of the
.performer. The purpdse of this section will Be to review the
age-related changes specific to information processing abili&ies
(including'sensory reception), with regard to their r;lative
iﬁplications for the production, and monitoring of motor
responses. Welford’s (1958) model of information processing (see
Figure 1) will be used as a general framework for this discussion
because, "...it presents a unified view of human perceptual-motor
performance, [and] can be used to study all perceptual-motor
activity, not only from theoretical and research viewpoints But

also from an applied viewpoint" {Marteniuk, 1976, p.17). This

s
model views the perceiver as an active rather than a passive
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recipienf of- environmental information. It views the
transformation of this information as seﬁially linked complex
researchable operatioﬁs. Each ﬁechanism will be discussed
relative to 1its function 'and adaptations made to aging.
Interwoven with this review of mental and physical capacities,
the third of the three variables, the voluntary cognitive
. adaptations, will bhe assessed. This variable, and sectien,
concentrate on the strategies adopted to offset limitations, such
as failing’ visual acuity or slowing in the rate of information
processing, and to accentuate strengths, such as their wealth of
exﬂerience, and expertise. 1In addition to the review of normal
adap&ations to the aging process, the effects of cardiovascular
status, and of physicél activity will also be ;ummarized,~because
éach has been reported to be a powerful influence respectively

eXacerbating and retafding bntogenetic,changes.

Attitudes Expressed Towards - the Elderly

Socially, culturally and hisforically the elaerly are
regarded as behaviorally incompetent. And true to the form of a
seléwfulfilling prophecy even the elderly have come to believe in
these sometimes reckless overgeneralizations. For example,
Miiligan e} al. (1981) examined 1learning and reactién time
performance in older veterans as a function of their attitudes
towards themselves and the elderly in general. old (55-70 years)
and young (20-35 ‘years) hospitalized veterans were tested on

serial learning tasks with exposure times of either 4 or 10

seconds, and also on simple and choice reaction time tasks.



Their results showed that older subjects with faster

performances

toward older pecople and significantly better

scores..."

have

(Milligan

Page 10,

psychomotor

significantly more positive attitudes

life satisfaction

et al., 1981, p.164) than do other older

veterans. It was suggested that both sthe youﬁger and older

veterans, "...view

acceptable, and less autonomous than they do

(Milligan et

al

an older person as less effective, less

a younger person”

. 1931, p.160). These perceptions concur with

~the earlier findings, of Rosencranz and McNevin (1969) and Bennett

and Eckman

(1973)

on performance and attitude.

A

The attitude

seems to -be exhibited in the elderly’s fear offffailure being

. B i
greater than their need to achieve. Similaf{yﬁthe elderly do not

.wish to appear foolish or incompetent should they make

an error

or an inappropriate response and so they avoid taking the risk in

the first place (
3
elderly people

of compensatory

Kalish, 1975).

for all

While this is not true
it seems to be tr{z for most.

Perhaps their use

strategies comes only as a result of the

perceived physiological changes and the ‘'stigma" attached to

these decrements.
exacerbate one
compromises, the

performance will

The Effects

physiological

Perhaps the changes and the strategies merely

another. Prior to examining these strategic

changes related to

psychomotor

be discussed.

of Aging on Reaction Time and Movement Time

Slowness of

changes

apparent in their motor responses, but

perceived

behavior is perhaps one of the most obvious
in the elderly. Not only is this slowing
it is also evident in
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) b
their highest decision-making neural processes of the central

nervous system. In reviewing the evidence on caution (which
could potentially produce this generalized slowing) Bozainick
(1978, p.125) concluded, "While there is controvergy whether or
not the trade-off of speed for accuracy, and the ommission error
for the comﬁission error is volitional in nature ,there is little
doubt that older people do not tend to risk being wrong for the
sake of being right or fast". Cautiousness mi?l then” be
interpreted as a, "...disinclination to respond quickly ?ecause
of the importance attacped to making a mistake" (Birren, Wdods &
_Williams, 1980, p.302). That is, "...the human is able to adjust’
his tracking performance acéording to his criteria for weighting
the error"' (Bosser, 1982, p.392i. But what of the peripheral

decrements associated with aging, are they not instrumental in

~defining the limitations around which the individual exprgsses
" »

/’ £

his or her potential? The answer to this guestion is

affirmative, but perhaps not to the extent that one might think .

L

they are.

The Mechanics of Information Processing

In general, human ﬁgfformaﬁce theory attempts to study how
;killed performers utilize information in‘berceiving, deciding on
and executing an action relative to the demands placed on them by
the environment (Schmidt, 1982). If the processing of available
information is efficient and accurate in light of man’s ability
go sense, attend to, process, store, and fransmit the information

then. the resultant movement should be coordinated to the demands
/
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of the task. 1If the processing is faulty, then in all likelihood
—— .

so too isjthe response.

Three major mechanisms are said to characterize the
information processing syétem: perceptual, central and effector
(Welford,1958). 1In turn each of these mechanisms is comprised of
several sub-processes ﬁbften-ﬁsﬁﬁfred to as stages}), all of which
virtually simultaneously‘cbntribute to the pfoduction of the
perceptual-motor response. The central tenet of this information
processing model is that before oﬁe actually performs an
ggtivity, a ‘number of ménta} operationd must first be negotiated.
This "thinking before acting" notion is by no means new. A great
deal of the credit must be accorded to Donders (1969) for his
auspicious discussions on the grey area between perception and

response.

?
Stimulus --> | Perceptual |—--> | Central —-->| Effector |--> Response
sInformation Mechanism [ Mechanism Mechanism
("'_"\
Figure 1 Schematic Drawing ofWelford's (1958)
Information Processing Model

1
\

.- \

- \

J
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According to Massaro }&675) there are four major assumptions
to this model. Each of these will be briefly outlined here:
(1) The stages of processing exist and are identifiable.
{2) The stages‘are operations which require time to
complete. Complex tasks requiring.additional
operations will also require additional time
to process.
(i) Each stage operatés only on the information
made available to it,
(4) Each stage manipulates this information in
some way making it available to the next

stage of processing. B : -

It ought to be . remembered that, "...the most basic

-

assumption of the informatign processing framework is that all
mental operations take time" (Stelmach, 1982a, p.70). Reaction
time, or the period from the presentation of‘the stimulus to the
initiation of the response has been divided K into distinct
intervals of definite duratien. Reaction time reflects the
period of time required for the transmission of the
signal/message from the activated nerve receptors to the brain
and in turn for the brain to activate the appropriate muscle
fibre wunits to initiate the response. In keeping-*with the
assumptions of the model the duration of this reaction time |is
thought to be proportional to the number of mental operations
that take place between the stimulus onset and the eventual

response.
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\
Over the years reaction time has been shown to  be affected

J by -the\sense modality stimﬁlated, stimulus intensity, the amount
of information contained in the stiﬁulus,» and the number of
response optioﬁs to be sélected froﬁ. To illustrate, reactiQp\

time to a vauq} stimubué hasrbeen estimateé to be approximately

180 msec, to an ;uditory stimulus—160 msec, to a tactile sét@ylus

140 msec, and to kinesthetic stimuli 120 msec (Kerr, 1982). while

other factors were held constaht.

{ éternberg (1969) reported that stimulus intensity directly
aff%cts detection wpile stimulus-response compatability affects
resbonsé selection. This latter variable reflects.the complexify
of the relationship between the §timulus and the response. While
decreases in either the stimulus intensitf or in the
‘stimulus-response compatability have resulted in increased

reaction times, this seems especially true for ol;ér adults

(Massaro, 1975; Pierson & Montoye, 1958; Welford, 1978) \g\\\ﬁ

Stage One, the Perceptuaf‘ﬂeﬁhanism

For most motor skills the efficient processing of all
sources of information, be it from perception, memory, or
feedback, is the key ingredient to the execution of a skilled
performance (Schmidt, 1982). As such performance is based upon
an accurate and efficient momeﬁﬁ to moment assessment of an
{often changing) environment and task at hand. Generally, it is

,/perceptiOEﬁEhét ishes the information necessary for that

ongoing analysis. ‘Perception represents the first step in the

processing of motor. skill information, thereby profoundly
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T Tinfluencing the entire central p}ocessi;a\system. Perception is
distinct from mere sensation in that it is an active, conscious
interpretation and integration of incoming informatio;/stimuli
that provides the basis for decisions and actions {such as the
execution of a, skill), and for learning (Marteniuk, 1976;
Massaro, 1975; Schmidt, 1982). “

The accuracy of one’s perceptions is affected by age-related

changes at both the basic sensory &nd the higher cognitive
voluntary levels. Two impoétant age-related structural changes
that limit visual acuity include: (1) a decrease in the diametea

of the pupil; and (2) thickening and yellowing of the crystalline
lens which diffuses and distorts the image projected on the
retiﬁa. These changes in the lens also filter out green, blue

and violet colours at the shorter Qave length of the spectrum

K (Hoyer & Plude, 19805 McPherson, 1983}. The struc;ufe of the
retina is such that as one moves from the fovea to the periphery

the number of cones decreases and the number of. rods increases.
Fine grain patterns are better ;eceived by the fovea while moving
stiquli'or signals of low intensity may be dealt with more
quickly if they quikon the periphery where the concentration of
rods is greater (Bftebner & Welford,’ 1980). It might theh be
plausible that this tedﬁction in pubil diameter with age {(Hoyer &
Plude, 1580) would narrow the imaée projected on the retina. By
concentrating the image on the fovea away from the periphery and

its higher density of rods, the functional ability to detect

movement attenuates with age. As a sult of the distortion of

the image and the limited ability of the retina to detect

™~
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mévement, more time and effort must be taken for éccurate image
identification with age. A higher incidence of traffic accidents
in the elderly was attributed to the confusion between the red,
green and amber signal 1lights (Panek, Barrett: Sterns &
Alexander, 1977). A possible insensitivity to red lights in
general (brake lights in particular) may also have résulted in

inappropriate driving behavior.

Both of the aforementioned age-related structural changes of
the eYe limit the amount and the quality of light reaching the
;etinq {(Hoyer & Plude, 1980; Kalish, 1975; McPherson, 1983},
Bearing this in mind it is easy to understand why, "...recent
evidence suggests that older persons are at a disadvantage in
tasks requiring the processing of brief information” (Walsh,lQTé,
p.555}). It also seemg fitting to suggest that visual acuity of

subjects  be standardized Dbefore assessing the processing

efficiency of an elderly population. g

As a means of testing central processing abilities masking

-

paradigms have been wutilized. ‘When'two stimuli are flashed or
presented in rapid succession their visual t;gces may interact to
the exclusion of éne. The first stimulus may obscure traces of
the second (forward masking) or the sécond stimulus may obscure

the first (backward masking). "In either case the interference

results because the visual system takes some amount of time to

clear or to recover from the stimulation. The longer this signal
processing takes, the greater is the opportunity for masking to
occur" (Hoyer & Plude, 1980, p.229). This opportunity seems to

present itself more often to the elderly (Panek et al., 1977).

Lo
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Similarly, Walsh (1976)‘usin§ a central masking paradigm
fo;;d a 31, percent indrease' in the time required by an older
per;on to escape masking over and above the time. required by a
younger person. 'Tﬁe response to a seconﬁ signal may be slowed
duejto involuntary continued attention to the feedback from the

previous movement to the exclusion of immediate attention to new

signals (Rabbitt & Rogers, 1965; Welford, 1978).

Kline and Szafran (1975) concluded f£from their study of
perceptual processing time that there is with increasing age a
corresponding significant increase in the time required to
completely process a sinéié'-perceptual event. In turn, this
reduces the &otal number of perceptual events that an aging
visual system can handle per unit time, even though the stages of
processing are virtually the:Jsame KGiam?ra & Arenberg, 1980;
Hoyer & Plﬁde, 1980; Lee & Eollack; 1978; McPherson, 1983).
However, when the time interval between the pajy oOf ‘stimuli
" increases, the older persons outperforﬁ the younger (possibly now
overconfidedﬁ and/or bored) subjects. It is, ‘.therefore,
necessary that experimenters provide an adequate preparatdry
interval in order to safeguard against bias%ng the task to the

detriment of the older participant. ‘ -
—

To continue with the diécussion of age-related changes- in
visual efficiency the following studies have been cited. The
sequeﬁtial integration of stimuli presented in succession is
procgssed more slowly by older adults than Ey younger adults,
perhaps because the older adults are more susceptible to the

.effects of luminance summation (glare) and contrast reduction

-
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({Kalish, 1975; Panek et ai., 1977). The nofioﬁ of stimulus
persistence _is somewhat controversial with respect to its effect
upon processing rate. "Stimulus persistence ré%eré to the
possibility that’ 'the neural representation of a stimulus persists
for %@me time after offsgt of the physical. energy impinging on
the Eéceptor surface" {(Haber & Standingtﬁl§69, p.43). Hence,
because of the extended refractory periodﬂﬁfequirgd by aging

neurons the rate of information processing may be slowed.

Birren and Botwinick {1955) studied age-related changés “in -
nerve conduction: along pathways of differing 1eﬁgth§. Release
responses by the finger, jaw and foot of the subject; to an
auditory stimuli were measured. The differences in response
times were insignificant. The investigators suggested that it is
ﬁnlikely that the speed of transmission (conéuéﬁion) is a
sufficient explanation for slowed psychomotor performance with
advancing age, although it may be of greater imponﬁance when
taken in conjunction with other neurological changes of a more.
central origin. These results lend credence to the opinion
expressed b} Welford (1980, p.331) that, "Slowing of processes in
the. sense organs and falling speed of nerve conduction with age
account for what is almost always a negligible proportion of the

whole reaction time..." decrement.

Older persons have béen known . to be disproportionately
distractea by the number of irrelevant cues they have to deal
with. To investigate the existence of age. decrement 1in. the
ability to ignore irrelevant <information Rabbitt (1977) used a -

visual search paradigm. Generally, as the number of non-target

s
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items in the display increases, the more difficult it is to
detect‘a target within that display. This phepomenon has been
termed  the "display—sizé effect”. The magnitude of the
display-size effect is reflected in the subject’s inability to
ignore irrelevant items while searching for relevant ones. In
Rabbitt’s (1977) study this inability was greater among the older
than the youﬁger adults, indicating that the older subjects were
disproportionately slowed as the number of diskractions

i
increased. ‘

. To further examine this age and irrelevancf issue Farkas and
Hoyer (1980) employed a selective filteéihg'task which required
card sorting based on the target-figure orientation. Their
experiment illustrated that older subjects were significantly
slower, than younger subjecté when required té discriminate and
sort target stimuli in the presence of-—similarly oriented
irrelevant stimuli. Wken thesé irreievant stimuli (nbﬁ;targét
items) were of coﬁtrasting orientation to the target stimuli, and
the location of the target stimuli remained conspant between
cards, no significant difference in card sorting times for the
younger, middle-aged and older groups was found. This finding
supported the author’s original contention that the slowing
obéerved among older persons was not merely due to an increased
difficulty in filtering irrelevant information, but rather to an
increased difficulty with the perceptual organization of target
stimuli when in the presence of similar non-target stimuli.

Rather than proposing that older pecple remember less because

they process slower, "... they may divert their processing

——
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resources to .concurrent processing aemand§ and thus never
complete the operations necessary for- eff;cient encoding.and .
retrieval of information from secondary memory" (Hartley, Harker

& Walsh, 1980, p.243). In some of the earlier studies older
;ubjects became frustrated whenthe{ failed to keep up with the
ongoing pace. of the task and as a result quit altogether\\f“w
{Kirchner, 1958); To offset.this problem in the present study,
there will be no dénger of subjects falling behind because a

subject-paced tracking task will be employed to“ assess their

monitdring ability.

Simon and Pourabaghef (1978) founds that there was 1little
difference in the subsequent processing of information by young
(mean age=20 years) 4nd old subjects (mean age=73 vyears) other
than the time involved. The older subjects took significantly
longer than the younger subjects and the primary locus of their
slowing seemed to be in stimulus reception and identification of
the stimulus encoding stage. Hence, "When a task is not heavily
loaded with .mental operations {eg. simple RT), age differences
tend to be minimal" (Simon & Pourabagher, 1978, p.559). Herrick
(1933) has suggested that the 'probiems eﬁ;ouptered by oldet
subjects may_e;tend beyond initial stimulus encoding. According

to Herrick, the mechanisms responsible for the registration and

retrieval of encoded information may also be impaired.

Once the signal {a neural impulse resulting £rom sensory
stimulation} reaches the brain it has to be distinguished from
the Eackground of random neural activity in order to be detected.

Distinguishing this signal from background noise is fundamental

/

/
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to subsequent processing of information.
LY

- "Most, perhaps all slowing of performance with age can be
attributed either directly or indirectly to a féll of signal to
noise ratio in the brain" (Welfofd, 1980, p.333). Neural noise
is thought to result from random background activity or by
‘irregularities in the action of the cells carrying the signals.

This theory, however plausible, is very difficult to validate

because no known neural mechanism has been identified to explain

this phenomenon.

In keeping with this notion of relevancy, it has been argued

that the amount of information that can be processed at any given
time is limited. A myriad of environmental information-ce?fronts
ther sensory organs each and every moment. Sounds, movements in
and around tﬁe individual, the temperature and degree of sunlight
all impress wupocn the individuals receptors. As a result, when
faéed with performing, one is forced to attend only to that
informatiﬁn which is. meaningful or relevant to the successful
completion of the task. This selective attention provides a
means of focussing on that which is relevant while filtering out
that which is not, so that only significant information occupies
the immediate attention of the perceptual mechanism. Research in

this area seems to have adopted two distinct views of attention

~ T

allocation, that of capacity, and structure. Capacity models
{Kahneman,1973; Moray,1970) are baseé on processing systems with
a Iimitedcpool of attention. All mental processes are assumed to
require attention. While the processing of information can be

allocated to any number of "input channels", the overall

<.-
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attention demands must remain within the capacity of the system.
If the demands of two or mere simultaneous operations exceed the

system’s limit, then decrements in performance ensue. : ‘

In opposition ) té this view, structural models
(Broadbent,1958;  Keele, 1973) maintain that detection and
reeognition may operate without attention, but later stages such
as decision and response selection may not. Oniy one operation
demanding attqg}ion may be gtocessed at a time. Confusion starts°
when two or more mental operations compete for atteﬁéion,
regardless of their overall demands. It is posEaPle,vhowever, to
simultaneously process two operations if one of them does not
require attention. The guestion then arises, can these two tasks
be performed simultaneously by the elderly with the , same
precision and efficiené;; without delays ‘and/or loss of accuracy, -
as 1if ‘the tasks were executed independently. The elderly have
been’shown to decline-in selective attentional ability (Craik,
1977; Rose, 1982)% ' Consequently, the quantity of relevant

information to which attention could be allocated at any given

time decreases with age.

While decrements in attentional capacity with age appear on

/
novel tasks they do not on familiar ones, probably because the
rate at which avtomaticity is acquired 1is equivalent between

younger and older adults (Hoyer & Plude, 1980; Rose, 1982).

' 2
To examine the relationship between selective attention and
automobile accident involvement in adults Mihal and Barrett

(1976) subjected 75 randomly selected drivers (aged 45 to 64
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years) from a utility company to a dichotic listening task. . The
drivers were diQidéd_iqto groups according to ;he number of
reported automobile accidents that ‘;hey had inéurreg in the
previous five yéars. These Jyoups we}é: then compared on mean

number of errors scored on the dichotic listening task.

Accident-free drivers recérded a mean score of 25 errors
(S.D.=13.64); drivers in the 1l-accident group recorded a mean
score of 45.20 errors (S.D.=37.12) and drivers in the
2-or-more-accident group recorded a mean score of 47.59 errors
(§.D.=38.93) on the samé task. These findings seem . to indicate
that those drivers who exhibit greater selective attention
abilities are less likely to be involved in car accidents. In
terms germane to the proposed study, poor selective attention may
predipose individuals to make erroks in judgement. However, it
is difficult to generalize these findings to an elderly
population for several reasohé. The first reason pertains to éhe
age of the subjects, ndne of whom were over the age of 65 years.
Secondly, neither feedback reflecting the correctness of the
response, nor the oppotunity to improve responses on subsequent
trials was accorded subjects. Had a repeated ﬁeasures design
been used, a different picture may have evolved regarding
selective attention and errors. Finally, no reference was made
ensuring that precautions were tagen to standardize the
familiarity of the task. While the results of this study sound

promising, their acceptance must be guarded.
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From the literature reviewed so far there is strong evidence
to suggest that with .age, decremen%? appear in ail of the
sub-processes of the perceptual mechanism. This dysfunction is-
more apparent in novel tasks requiring a concerted effort to
perform because, "The impact of attentional deficits increases
when--the memory load is iarge aMa .requires deeper and more
elaborate encoding", (Hartley, Harker & Wdlsh, 1980, p.244).
There is evidence of diminution in the sensory acuity/detection .
subprocesses (Hoyer & Plude, 1980; Kalish, 1975; McPhersoﬁ, 1983)
and also in the registration and retrieval of encoded information
(Hartley, Harker & Walsh, 1980; Herrick, 1983;A Simon &
Pourabagher, 1978). In addition, Rabbitt's (1964) work on card
sorting illustrates an inability on the‘padt of the older adult
to ignore irrelevant stimuii in favour of relevant items possibly
due to poorer perceptual organization (Farkaé & Hoyer,1980). The
fact that deterioration occurs in the perceptual mechanism leaves

the individual wvulnerable to conceivably innumerable motor
performance errors. Jf the system is slowed the amount of
information that can be processed per unit tige is reduced, and
it is possible that in some instances not enough information will

have been gathered before the individual 1is called upon to

respond. If the characteristics of the situation have been
mis-perceived errors are then likely to ensue. \N\ ?
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S5tage Two, the Central Mechanism

Iﬁ'keeping with the information processing model, once the

distinctive features of the situation have been perceived, they

are then transmitted to the central processing mechanism.

A
'n

The .gubprocesses assumed to reside within the central

— mechanism are the deé&sion, memofy, and translation stages. ‘The
decision stage involves ?he selection of an appropriate response
Bésed‘ upon the m@gm;nds of the task and any past experience the
performer.;;: had with this particulafxbr a similar situatiord.
Welford (1978) suggested that the main slowing with age is not in
the execution of the movement but rather.in the central Rrocesses
invelved in the selection of the mdwenents to make. Precise
signal detection plays a vital-role in supplying information on
which response selection is’ based. The card sortihg task of
Rabbitt (1964) .illustrat s this point. Rabbitt foﬁnd that

¥ although the increase in timé taken with age was directly related
to the number of stimuli calling for any one response, it was.
m?ch less than the increase associated with a rise in the number

of responses to be made, ".a.implying that the perceptual factors

were less important than those concerned with choice of response"

\Fz%—\\\iWelford, 1980, p.345).

According to Massaro'ét(1975) second major Ia55umption of
information processing concerning the intricacy of the stiﬁulus,
the central organization of sensory activity {(information) is
performed more rapidly when fewer decoding processes are

required.{For clarrification of these assumptions refer to page

1
’

~
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13 of this text.) In short, signal simplicity facilitates rapid—

processing of informa%};n and, in turn, response execution.

There have been several reviews of the motor performance

literature as it pertains to ontogenetic changes but probably the

A
. most prominent are those by Welford (1977,. 1979, 1980). while

these reviews are all—encoméassing thedpgincipal tenet deals with
the issue of central processing limitations regarding
decision-making. This is not to deny the existence of, or
underestimate decrements "in the;’periﬁheral Sensory system.
Rather it is.to underline the fac¢t that whilé age-related changes
in the peripheral sensory mechanisms may impair the processing of
feedback (Landahl\ & Birfen, 1959; Szafran, 1951), in most
sensorimotor tasks the signals ‘are much tao clear . to

independently cause the observed "retardation" in performance

(Singleton,1954; Welford, 1977).

r

I;‘support of this contention, Welford (1979) noted that (a)
these decrements occur[regardless‘of the sensory system assessed,
(b) the changes in simple reaction time are greater than thosq
seen in reflex activity ‘(Hugen et al., 1960), and. (c) the

slowness is not due to a lack of motivation in the elderly (Clay,

--1957; Weiss, 1965).

// [

In a meta-analysis of Cée field of motor learning, the
slowing in simple reaction time from ages 20 to 70 years has been
estimated to Be 26 percent (Welford, 1977) while the slowing 1in

choice reactio} time ranges from 27 to 51 percent depending upon

; ‘
the certainty oﬂ\EEE/EQEEgt/location (Birren, Riegel & Morrison,

v
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1962).

In the study by Birren, Riegel and Morrison (1962) subjectsb

wére shown a two tier apparatus with ten lights along the top row
and ten buttons below (i.e., 1 button below each 1light). When
the response was to press the button directly below the
illuminated light (the compatible task) the 60-80 year group took
27 percent longer than the 18-33 year group. When the response
was -to-press the numbered button which édrresponded to the
position of the 1light in the row, but not directly above the
button, (the incom;atible task}) the oldér subjects took 51

percent longer than the younger subjects.

In a similar but more difficult task, Welford (1977) used a
12 choice task. The reaction times qu{competible choices rose
by 13 percent between the 25-34 year group and the 65-72 -year
group. Wwhen the responses for the compatible task had a spagial
transposition imposed (that is, the lights were placed three feet
across the table from the buttong)'the increase in reaction time
across groups was 25 percent. When incompatible respeonses
(called spatial translations by Welford) were required a 56
percent increase in reaction time A between ‘the age dJroups was
Found. Further, when both a symbolic translation and a spatial
transposition had to be overcome the increase in re?ction time
between- the two age groups was 299 percent. Truly the
integratién of information from a decidedly more complex task
taﬁes markedly longer for an older adult (Brebner & Welford,

1980). Of importance to the present study, jugt as reaction

times escalated when spatial or symbolic translations were
t 7/ -
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involved so too did the error ra (Welford, 1980}.

It seems that when a d response is made to the

presentation of a pre-deter siggal, and presumably, litQ}e
decision-making is [required, there is little change in reaction
time as a functi of agiﬁg, at least until the 70’'s (Welford,
1978). Older subjects require more time to process available
infé{ﬂgtion in order to make a decision confidently, and
therefore, are at a disadvantage, or are dispropartionately
slowed in performing complex tasks requiring extensive--
decision—makﬁng (Welford, 1978). Consequently, if time
restrictions imposed on pﬁ;i:ii:nce Ig%it the accuracy of their

information processing, the erly are liable to génerate more

errors.

In some studies employing complex tasks, perfgrmances of the
older subjects differ significantly from not only that of younger
subj%cts, but also from one-another (Gaylord & Marsh, 1975).
Fozard et al.’s (1976) study into the effects of age and the
frequency of stimulus repetitions on choice reaction time yielded
similar findings regarding the lack of homogeneitf ‘in
performances of oldeF subjects. The absolute differenceé in mean
reaction time to stimulus1alterations and repetitions were found
to increase with age. 1In order to study age-related differences
in between- an within-subject wvariability in reaction time,
cumulative frequency distributions of the }eponses'to aIternating

—and--to repeating stimuli were analysed. "The results of the

analysis indicated were that both inter-v and intra-subject

variability of performances was greater in the oldest group than

-
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in ﬁhe others" (Fozard et al., 1976, p.563}).

Relative to the variability of adult performance, according

to previous research reaction times to a visual stimulus vary
indirectly with one's confidence level (Vickers, 197%9) and with
one’s positive attitudes about self-competence and life
satisfaction (Milligan et al., 1981). Perceived self-competence
and confidence are then integrally involved in adult performance.
Mbwbray (1960) suggested that as the total number of signalé
increases, the "key" signal to which a response has to be made
becomes relatively less frequent. Consequently, reactions are
likely to be slower because of temporal uncertainty. If this
temporal uncertainty is compoﬁnded by the unstable sense of
adequacy associated with aging, then a disproportionatg slowing
in adult reaction times to complef‘ﬁ tasks  will result.
Interestingly, researchers ;eem to disagree on the extent to
which‘thé elderly are capable of wusing probability to improve
their processing efficiency. Gottsdanker (1962) found that
subjects between the’éges of 21 and 78 years were able to benefit
from advance probability information to shorten their reaction
times, and prepare to depress @,kej on cue. On the other hand,
Rabbitt (1968} suggested that it is not clear whether older
subjects make relatively effective use of the information that
one stimulus is more 1likely to be presented, or whether it is
_easier for them to repeat a response just made on a repetitive
versus alternating stimulus presentation design. This arguement
has been disputed by the later research of Waugh et al.  {1973)

and Fozard et al. (1976). Both of these latter studies found
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older subjects to be just as sensitive to changes in the
alternating-repetitive sequence of stimulus presentation as were
younger subjects. That no difference between the average number
~of errors made by the younger and older groups was also found is

of importance to the present study.

As with reaction times, the effect of aging on movement time
appears to vary with the nature of the task. When responses
involve substantial movements, these changes tend to be more

systematic and to be greater than those .for corresponding

reaction times. Pierson and Montoye (1958) devised an experiment )

where in résponse to a light signal subjects had to réise.their
hand from a microswitch and thrust it forward with a full arm
externsion over a distance of about 12 inches iﬁ a.single unaimed
movemggt. In examining the responses of subjects ranging in ages
from 10 to 20 years the movement time for this task decreased by
63 percent across the 10;year span. In going from 20 to 60 years
the movement time increased by 74 percent while the reaction time
incréased 27 percent. When gross motor movements weré involved,
movement time increases with age were two to three times greater

k] » » .
than reaction time increases. .

Tﬁe performance of simple repetitive tapping moﬁements
‘between two targets show 1little change with age (Morikyo &
Nishioka; 1966; Welford, Norris & Shock, IQEQ). Conversely, more
elaborate fine mdtar movements such as writing digits or tracing
a ‘complex pattern show substantial (60~120 percent) changes wikth

~ .

age (Birren & Botwinick, 1951; Rose, 1982). "
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1t must be understood that with age there are physiological
changes such as a reduction in the overall number of muscle
units, changés in the metabolism of thgse units remaining, and
increased threshelde for the neural excitation of the muscle
fibers (Welford, 1979). Collectively, these changes result in a
15 to 35 percent decrease (from the 20’'s to the 60's} in the
maximum instantaneous force that can be exerted by a wide raﬁge
of muscle ‘groups, and in grip strength. During exhaustive or
intensive muscular work the time 'go the onset of fatique is
significanty shorteﬁed. Although jeints do be~ome "stiffer" with
age, the limitations imposed by this reduction in flexibility are
thought to ge relatively minor: Acéording to Welford (19877)
muscular limitations probably play an important rol in rapid
unaimed movements, whﬁle limitations in the central nervous
system are more érucial to Ehe execution of aimed movements.
This would partially é&plainothe‘observed difficulty older adults
have with complex tasks. Thislaifficulty is even more pronounced
when performance is slowed to maximfze accuracy and minimize -

¢
errors.

i
Larish and Stelmach (1982) suggested that when seniors have

fewer errors. coupled with heightened reactieon times they" become
consciously more  deliberate in identifying the response and
executing the movement- to be made, and if necessary‘corrected.
This issue of pre-meditated movement rekindles the discussion on
the origin{s) of the observed aée—related performance decrements.

. Rl

Is the elderly adult slow because he or she, "...must be slow,

.wants to be slow,. or has a set to be slow" (Birren, Woods &
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Williams, 1980, p.302)? As has been illustrated throughout this

review there is evidence to support any one or a combinaton of

these restraints.

- To briefly summarize, it seems clear that while
physiological - declines are associated with age there is -alsoc an
attitudipal change which emﬁhasizes the older adult’s preference
for accuracy_ over speed_(Bgiﬁgnick, 1978). There seems to be a
conscious decision on the part of the elderly to avoid the risk
of making mistakes 1{Biren, Woods & Williams, 1980). It may be
that the thought of making such a ‘"costly mistake" biases the
central decision-making processes and therefore strongly
influences the overall processing of information. Tasks
requiring involved processing and/or intricate movement 'execution
disproportionately slow the elderly (Birren & Botwinick, 1951;
Brebner & Welford, 1980). While age-related decrements iﬁ the
peripheral sensory mechanisms and in biomechanical function
impair motor performance, the major constr;ints on movement
production stem from central processing limitations regarding

decsion-making (Welford, 1979}. ~

Compensatory Strategies Employed by the Elderly

The exhibition of motor perfarmance is often assessed in
terms of one’s "skill", that i5, the proficiency with which one
deploys the appropriate physical and mental capacities to meet
the specific demands of the task (Schmidt, 1982). Sometimes
dﬁring adulthood certain compensatory strategies are employed to

make up for possible declines in physiological capacities, such
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as in muscular.strength or in visual acuity, enab%ing the person
to continue to achieve his or her desired goals. There is
considerable evidence to suggest that older people tend to focus
more on what they are doing (Welford, 1958), are more cautious in
their execution of the task (Botwinick, 1966, 1969; Calhoun &
Hutchison, 1981; Craik, 1969; Welford, 1980) and all things being

‘equal, will sacrifice speed for accuracy {Botwinick & Thompson,

.

1966, 1967; Calhoun & Hutchison, 1981; McPherson, 1983; Welford,
1958). ‘

This cautiousness in task execution in old age is no 1onger'
thought of as being due to rigidity or to conservativeness but
rather £hat it "...is a learned .behavior in reaction to
neurcbiological slowness” (McPherson, 1983, p.-177). The
hésitancy is a "...generalized tendency to respond slowly or not
at all 'because of the possible consequences of a mistake"
{McPherson, 1983, p.l?S{f To this Herrick (1983) added, “...lack.J
of confidence and anxiety are additional noncognitive factors
suggested by some as contributing to inc;egsed response rates
among the elderly” (Herrick, 1983, p.10l). McPherson's (1983)
findings support those of Calhoun and Hutchison (198l) who in
examining _decision—making practices in old age, found that when
given the opportunity to avoid maﬁ?né decisions;fbn the Choice
Dilemna Questionnaire (CDQ), the elderly do, even under the "no
risk" conditigns. Moreover, elderly individuals appear to become
more conservative and cautious in their decisions when the

outcome is directed at young people. It seems that the elderly

take even  hypothetical responsibility and its supposed

- ~r



Page 34

consequences. quite seriously.

AS was %ust,mentioned, the elderly tend to focus more on
what they are doing (Welford, 1958). While using more time to
consider outcomes and to respond in an attempt to improve
perﬁgrmaﬁce, often leads to fewer errors, thg elderly do not
always choose 'appropfiate strateéies -for problem solving.
Canestrari (1963} reported that young and old subjects generate
fewer errors when.both.the inspection and anticipation intervals
are relatively long (3.0 sec.) than when the intervals are short
(1.5 sec.). Additionally, the older group benefited much more
than did the younger group from the slower paée. By frequently
increasing the anticipation interval ({(but not the inspection
interval), the older group effectively allocated the time
available to respond but seldom took more time to actually

analyse the aifj?priateness of the response.

Another study into the utility of strategies employed by the
adult  was that \by Kleinman and Bradqinsky (1978), who examined
haptic exploration.in 54 young, middle-aged an? elderly adults.
-Forty—five of the sﬁsjécts were women. .During each of 15.fifteen
trials (three practice and t;elve test) subjects had to identify
(thfaﬁgh touching and manipulation) which of the "alternative”
objécts that they could feel with their 1left hand matched the
"standard" object they could manipulate with their right hand.
fhé number of "options" from which to select was two, tﬁ?ée, or
four. The task was a self-paced blind examination in that the
subjects could not see the objects to be compared because of a

“ _
screen positioned in front of them.
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%
As the number of alternatives {and therefore task

" uncertainty) rose both the young and middle-aged groups

significantly increased their exploration time but the oid' group
did s0 only moderately. The young groups' performance dropped,
while boﬁh the middle-aged and old. groups actually improved
slightly when the number of alternatives rose from two to three,

However, when the fourth alternative was added .the old groups’

. performance also became less accurate. This was a sélf-paced

examination, so the time restriction factor was not responsible
ﬁor the errors generated by ?lder spbjecés. Instead, it seemed
;ha?ﬁgﬁa old group employed different strategies on this task
than did the young and middle-aged groups, as assessed by
impartial observers. The elderly tried 1less frequently to
determine the number of alternatives from which Yo choose; they

also did not attempt to establish the shape of the standard in

the early stages of the scanning problem. "Furthermore, elderly

_-adults did not examine all the comparison stimuli in a problem as

~_h

often as young and middle-aged adults" (Kleinman & Brodzinsky,

»

1978, p.524). These researchers concluded that the elderly seem

to choose more often those search strategies that appear to be

-relatively ineffective in matching- accuracy. . Younger and

middle-aged adults seemed to use search strategies that are much
more conducive-to patching—to—standard success. It 1is somewhat
diffiéult to generalize these findings to thé aging population at
large because over 83 pércent of the subjeéts used were female.
There is a definite need to balance gender in subject populations

before such a generalization can be made.

.
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In a somewhat different matching-to-standard comparison
Coyne et al. {1978) examined adglt age differenéesr in
reflection-impulsivity on a modified Matching Familiar Figures
Test (MFF). The performances of the twenty older subjects (61—87
years) were compared to those of the younger subjects (18-27
years). Each subject looked at the alternatives presented and
determined which of these best matched the standard. The
standard and alternatives were presepted simultaneously much like
a "split-screen” approach only on paper instead of a screen. In
the twenty—four\sets'of pictures prpsented, twelve of these sets

~ /s

had the correct standard present in the group of alternat'ﬁ%sy
twelve sets did not. while both age groups comi%%%éd
significantly fewer errors when the érigfnal standard was
actually present, the older subjects had a higher error rate than
the younger subjects in both test conditions (i.e., where the
standard was present, or not present). The younger subjects took
significantly longer to respond in the condition where the
standard was present than they did when it was not present, and
yet they were still significantly more accurate than their older
counterparts. The older subjects were consistent in their /
response latenciesl in each of  the ‘conditiéns regardless of
reflective-impulsive style. \ \)
Activation theory, Y?ich pertains to the level of arousal,
postulates the inverted-U-hypothesis. This hypothesis describes
ﬁhe close relationship that exists betwqén performance and

arousal levels, such that with an increase in the arousal level

there is an associated increase in performance up to a maximum
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levei} after which any further increase in arousal results in a
decrease jin performance. According to Arenberg &
Robertson-Tchabo (1977), frustrating ekperiences encountered in
the tes;%ng situations may be pushing the elderly "oqff the top"
so to 'speak, that is, beyond the limits of performance (such as

pace) with which they feg¢l comfortable.

Generally, oldgilgéople tend to pace themselves better than
do yohnger_people, perhaps in an e?fort to combat this inérégsed
“ arousal. They also tend to work harder and usually check and
- recheck their work more often than do ytunger people (Welford,
ié&?). In situations whgré subjects cannot utilize self-pacing
older subjects are placed at a distinct disadvantage. 1In an
effort to keep up wéth a machine-determined pace older subjects
have been kno;n té spontanecusly reduce the demands of the task
(for example, by rounding off the corners of a zig-zag pa%tern).
Unfortunately, this strategy 1is counterproductive because in
rounding off the corners to speed wup, they fail to megt the
accuracy demands of the task ( Welford, 1977). Tb avoid
encouraging similar behavior it may be suggested that
subject-paced instruments would be more appropriate in examining

the performance of older subjects.

McPherson (1983) also pointed out other means by which the
elderly may compensate for pegformance decrements. These
include, "...using a differént sense modality to a greater
extent, (lip reading to compensate for a hearing impairment),
“{ntensifying (with a hearing ~ aid) or correcting (with

eye-glasses) the stimulus, and using experience to predict or
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)
? entify the stimulus (knowiﬁg .the shape of _a ; stop sign)"

McPherson, 1983, p.179}. This latter strategyréf using theif_
experience to aﬁticipa£e outcome ma§ 'Help explain why elders
"round off corners" when fécing machine-paced tasks. In
gituatigns where the pace is too fast or the presentation of the
stimulus.too brief, the elderly may ask for the information to be
repeated. Coiavita'(1978) suggested that_gs one ages there is an
increase in the sensory. threshold ta excitation and so more
sensory stimulation is necessary before detection will occur.
~}velford's (1977) argument - that with age there is a lowering of
the signal to noise ratio in the brain - followed "a different
path but came to the same conclusion, that with age there is an
incréased need for more of the inﬁormation before a response can

be made with any certaihty. In order to ensure that they have

‘had time to process enough of the available information the

. elderly .sometimes incorporate various strategies (Arenberg &

Robertson-Tchabo, 1977; ‘Canestrari,1963; McPherson, 1983;
Welfordi 1877; etc). Sometimes their choice of strategy is a
poor one (Coyne et al,, 1978; Kleinman . & Brodzinsky, 1978).

Sometimes the elderlf are forced to rely on their past experience

to offset the loss in present efficiency (McPherson, 1983).

L

Whatever the means, to the elderly "...these compensatory

(" mechanisms are particularly important in problen solving or in

\/‘) decision-making tasks. Thus, with increasing age, adults- become

not only less accurate in problem solving but also slower”

{McPherson, 1983, p.204), due to a growing dependency on

compromises made between speed and accuracy as a function of
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their own abilities Sjmd the demands of the task. These
compensatory mechanisms, although not used by all older people
seem to be related to their perceivea sense of competence, and as
was pointed out before not all perceptions of older adults are

favourable {McPherson,1983}).

, | // '\\‘ \.
1
Stage Three, the Effedtor Mechanism

/ N

. Having perceived and identified the stimulus, then having

)

Vi
decided what the course of action should be, the individual is

now left with the task of carrying t the selected response.
The effector mechanism is respdasible for organizing the
_specified motor commands-in order‘ that the right muscles are
brought into play in the correct sequential order, that is, it
initiates the motor pfogram. Efficiency is the .hallmgrk of a
proficient effector mechanism. The Motor Programming Modé&l is a
means of describing movement prouction, A motor'/p?bgsam is
characterized Aby specifying the values of one or more movement
parameters or features. The motor program is similar to anlarray
whose basic features are, invariant but whose flexibility allows
for an assortment of related movement patterns (Schmidt, 1982).
Several parameters have been shown to affect reaction time and
therefore are believed to contribute to the composition of motor
programs. These parameters may include: (1) the overall speed

of a response (Glencross, 1973}; (2) the "gain" “of the force

g

magnitude of the musculature involved; and (3) a variable scaling

that allows for the generation of similar movements but of

differing size (Merton 1972).

e

N
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While these programs may constitute the means by which a
e :

movement is processed,éafe all of/fhese muscle commands processed

i; tﬁé same fashion when the original movement has to be modified

or correctedf If th}s modification reqﬁires a brand new goal,

with intervention of new muscle groups, then a new motor program

% has to be formulated. A case in poin;/{; when the subject
: /

inaccurately anticipates beth the direction/and the location of

the next target on a pursuig.tracking gtarting-towards a
target position and then realizing thelmlstake, by appropriately
adjusting the movement, correct iignment may be achieved.

- However, if the mbdification of ,fge movement reguires only a
change in para@eters, sucﬁ as velocity, an alteration in the
value of the parameter, and not in the program has to be made.
As-in the previous exampI;}fif only the distance of the target is
misjudged the correction of an under- or an over-shoot requires,
respectively, a continuation of or a reversal of the movement.

In turn, as a result of these modifications to the movement,

reaction times may also be affected (Quinnm & Sherwood, 1983;

vVince & Welford, 1967). {

!

Most germané to the present study are the effects of thesg
modifications on certain dependent measures in a pursuit-tracking
task’. Latency in pursuit- tracking studies is "...measured as the
period of time between the stimulus onset and the poiné at which
the control and modified movement differ on some aspect of the
movement (e.qg., movement displacement, velocity, or

acceleration)" (Quinn & Sherwood, 1983, p.l1l65).
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The latency of reversal modifications tend to be of . longer
duration than those of continuing modifications. One would then
expect to see corrections of initial misdirection on a tracking
Fask; where a reversal_modification is required, demand more time

+ to process than when the subject has established the appropriate
direction but misjudged the distance to the target. It is
possible thgt these reversal modifications are attended to at a
higher 1level of a hierarchically struétured programming proééss
than are the continuing médifications, and therefore, require

more time to be processed (Megaw, 1972b).

Henry and Harrison (1961) examined the effects on movements
by presenting the cue to modify after the control movement had

already been initiated. Subjects were wunable- to reverse a

) . ;
‘Torward arm-swing movement in less than 190 msec. Henry &
<)

" rison argued that this 190 msec delay was necessary for

reprogramming of the movement to facilitate the reversal in

direction.

— -

Quinn and Sherwdod (1983) examined changes 'in program and
parameter variables in a rapid ongoing arm mov;ment.” The task
reqﬁired the subject to move a lever while both bicep and tricep
muscle groups were monitored for -electromyographic (EMG)
activiEy. In the first- condition the movement of the lever

- forward was accelerated. In the second condition the fofward
movement of the lever was reversed entirely. Regardless of which
muscle groups initiated the "fofWard" movement, the results were

( the same. The response latencies for increasing the speed were

\\“EEEfQXimatEIY 50 msec faster than for the direction reversal
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condition. When the signal to modify the movement (Taas
illuminated either immediately, or 100 msec after the initial
forward response had begun, there was a high probability of
reversing the direction before the 400 msec movement time limit
had expired. However, when the signal was presented 200 msec
after response initiation there was'only a 10 percent chance of
reversing the movement in the 400 msec limit. This 200 msec
period of feprogramming replicates the 190 msec required in the
Henry and Harrison study (1961}.

— -

To briefly summarize, compensatory strategies are employed.
by the elderly to accentuate their strengths and/or to counteract
;heir limitations. Their meticulous care in executing tasks 1is
no longer thought of as being due to mere rigidity. Rather, this
cautiousness is thought to be a iearned‘ response to-
neurobiologica1= deficits (McPherson, 1983). \in an effort to

ensure accuracy . older. subjects often modify -their pace or

movement speed, in what is commonly referred to as a
speed-accuracy trade-off (Birren,. Woods & Williams, 1980;
Botwinick, 1978). This trade-off illustrates not only the

elderly’'s preference for accuracy, but also their dread of
committing mistakes. It is almost as if to commit an error is to
be totally incompetent, a label which.understandably the elderly
seek to avoid. It has been suggested that some forms of
experimentation may actually create anxious situations in which
the elder%y do . not feel comfortable, and as a result of their

induced over—-aro Ly perform ‘poorly _{Arenberg &

Robertson-Tchabo, 1977). Anticipation is another strategy often
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used. While using past experience frequently -benefits
performance, it may also limit one’'s ability .to respond
spontaneously (McPherson, 1983). The movement executed is not in
response to the demands of the task and to stiﬁulus presentation,
but rather to the subject;s expectations. As a result, the
movement may have to be modified to become appropriate, and true
to form, the more complex this alteration is, the longer it will
.take‘_to process (Stelmach, 1982a), espeElally for the elderly

(Megaw,1972b).
L .
The two experimental tasks, those of Henry .and Harrison

(1961) and of Quinn and Sherwood (1983) resemble the correction

of a response error. It is then approprigte to briefly discuss

-

the causes and the means by which one corrects movement and

3
\
action errors.

— SRR

-

The Causes and Rapid Corrections of Errors.

According to Norman (1980a, 1980b, 1981) errors or slips
fall into patterns which can be categorized. 1In conjunction'with
the three major mechanisms of the information processing model
(perceptual, central, and effector;.Welford, 1958), the formation
of an dintention to execute a movement is the result of many
considerations. For example, relative to the perceptual
mechanism, was the 'stimulus- accurately perceived or. was it
distorted? Once pe}ceived could ‘it be identified with
experiences from the past? Relative to the qentral mechanism, in
selecting the response had enough information been considered to

accurately assess the situation. In terms of the effector
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_mechanism, ‘have the response specifications been clearly defined

or are they somewhat ambiguous? Has the entire¥ process been

accomplished quickly enough to meet the demands of the task?

Generally, in executing " responses the selection of the
actions to be perfofmed is prepared atythe conscious level, while
the lower—level components of that action follow through with
little need for further conscious effort, except at critical
points. In short, the intention releases the control processes

or "schemas" (Schmidt, 1975) and as a result the movement ensues.

Jdn a theoretical sense short term memory (STM) describes the
system that is used to register, encode, store, and retrieve
information bver brief periods of time. " Hence, Welford (1958)
hypothesized that decrements in short term memory due to aging
could possibly account for the observed degline in leafning
ability and problem solvihg, qﬂﬁ as a result, skilled performance
{Arenberg & Robertson-Tchabo, 1977).Q‘The ".,..more complex tasks
involving immediate memory produce more evidence of'age-related
decrements"” (Kalish, 1975, p.36). Similarly, Craik (1977) found
no reduction with age in the storage capacity of short term
memory, but slowing in scanning of this information was observed,
thereby increasing processing time which on tasks requiring rapid

responses put the elderly at a distinct disadvantage;

To facilitate the understanding of novel situations new
information may be processed just long /Fnough for it to be
associated ,with similar past experiences. This may  be

accomplished, in part, by " particularizing" the information,
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"...a description that characterizes things at as high a level of
abstraction as possible, because that form of abstraction takes

less mental effort" (Norman, 1980b, p.46}.

While these shortcuts save.the expenditure of one’s mental

. ---’—.—‘.—-—-‘_"—‘-._._
efforts and/or resources, they often lead to the tendency to see

what is expected, rather than what actually is. 1In anticipatioﬂ
of a given set of stimuli, the performer waits for the onset of
the stimulus and executes what is anticipated as the appropriate
response. Ih doing so, the stimulus encoding and the response
selection stages of the information processing modgl (Welford,
1958) are wusurped entirely. .Sometimes what has been expected
does occur and the response is appropriate, but often \;he
opposite is true. Anticipation is a strategy employed to enhance
performance, but often errors occur as a tegult of misperceived
situations.

Many slips are caught at the time they occur, while others
are caught just prior to their occurrence, but with insuffic;gnt
.time to prevent them either partially or completely from taking

‘h“place. "For a slip to be'started, yet caught, means that there
$a$t exist some monitoring mechanism’ of behavior - a mechansim
that ig separate from that responsible for the execution of the
act" (Norman, 1981, p.2). This méchanism could deal with
feedback from the environment and/or from the movement itself. ~
Was the actual movement performed that which was intended?
Perhaps a selection error was committed whereby an alternative

movement to that intended was carried out. Or after reviewing

the situation was the intended movement really appropriate? 1In

2
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the case of tracking tasks these assessments of response

suitability have to be made quickly in order for the subject to
keep uﬁ with the task.

-

When the pace of the learning situation is ‘not under the
"control of the older learner there is a concern that he o} she -
might not be able to keep up with the ongoing wvisual of verbal
explanation. The time-to register material in long term memorx//“\
increases with age, so that it is not only important to explaiﬁ”‘f;
instructions at a suitable rate to older subjects, but it is also
important not to distract them while they are committing this
information to memory. Or better yet, let them discover on their

own how to perform the task. Craik & Simon (1980) found that
older people do not encode informdtion in the same manner as do
'younger people. Hence, there arisgs the difficulty in examining

the retriev from memory, independently of the acquisition of
information ii\hemoryr__mhi;g semantic encoding leads to a more
effective acquisition of information, it does not quarantee
similarly effective retrieval. fo offset this awkwardness
Michenbaum {1972) aqvocated the wuse. of self-instructional
training programs which would provide the elderly with covert
self-statements that may improve task comprehension and
ultimately task performance. Even if not always practical, the

validity of self-instructional training emphasizes the need for

presenting older subjects with thorough instructions at their

pace. é)

]
'
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Although there has been no consistent démonstration of a
reduction in the capacity of short term memory to attend to
specific items (Craik, 1977), the ability to scan for these icons
or items does seem to slow with age, as does the abili;y to store
the image in long term memory (Birren, Woods, & Williams, 1980;
Botwinck & Storandt, 1974). Concerning the issue of scanning
memory icons to categorize “the recently received informatioﬂ,
perhaps the reported inabilty of the elderly to ignore irrelevant
items (Rabbitt, 1977) exacerbates this search. . If in sifting
th;ough the schematic information stored in long term memory the
older adult has disproportiohately greater difficulty in locating
the riéht item{(s) to be used as reference material, confusion

over what to use may . result, and the observed slowing in

processing ensue, This slowing'of item categorization would be

more detrimental to performancé in \situations where the pace of
performance is not subject controlled, and most notable in tasks

requiring quick decision-making.

<

Fhen Gaylord and - Marsh (1975) studied age-related
difficulties in the speed of spatial coé:?tive processing they
found that the older subjects generally have a higher (11
percent) error rate than their younger counterparts (5.4
percent). The task involved identifying whether pairs of
perspectively drawn_fiqures were the same or mifror images ¢f one
another. "For both groups, the greater the degree of angular
orientdtional difference the longer was the response timeg!

(Gaylord & Marsh, 1975, p.678). However, the older subjects took

considerably longer tco mentally rotate the two figures to test

-
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for congruence. So it would seem that although speed was

sacrificed, the trade-off did not lead to increased accuracy.

In their study with young and old adult veterans- (Milligan

t al., 1981) foﬁnd that the olaer.subjects (55540 ye&rs) made
more erro;s on the task than did the younger sijgects k20—35
years) especially érrors of omission on the more Jompiex serial

learning task. The older subjects also took significantly longer

to perform this task. At this'poinf the reader is left with the
question of whether speed was actually traded for accﬁracy. Had
older subjects performed the task more quickly would they have
made more errors? Since the opportunity to correct errors was
not provided for in the design of this study, the question

remains unanswered. To examine the extent to which individuals
profit and learn from their mistakes, subsequent trials are
necessary. Lehman and Kral (1968) and Murrell (1970) maintain
that the .elderly may gain more from practice than do the young,
so that tests involving low numbers of trials may be assessing
the relative adaptability of different subject populations to a

new or novel situation, and not performance ability per se. With

practice’ these noted age-related disparities may be reduced to
capture the true essence of the effect of aging upon performance
and learning. Hence, it is important to use repeated measures

designs when assessing the potential of the elderly.

Laming {1979) and Rabbitt (1966) suggested that subjects
seeﬁéé to be well aware of the fact that they have made an error
even when no explicit knowledge of results (KR) was provided.

Laming (1979) went on to add that after making am error, subjects
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make some adjustment to their decision process resulting in a

decreased probability

on

of error and an increase in response time

the following trial. Presumably, some “small® cohtrary

adjustmenkt

correct response.

to the decision process is also made followiné a

This succession of adjustments maintains the

dekision process in dynamic equilibrium (Welford, 1980). "It has

been well established that propriocebtive feedback serves as a

requlatory

mechanism

that helps {[the subject] S discriminate

correct movements from incorrect ones and that ([it) works in

addition

to

other senses (eg. vision, touch) to make responses

more proficient" ( Schmidt & Christina, 1969, p.303).

use

Schmidt and Christina (195?) suggested that for subjects to

the proprioceptive feedback as .a time standard, the pattern

of feedbac® must be consistent. Then, if all factors are held

constant one should expect to see more frequent and more accurate

anticipation if proprioceptive feedback is increased through more

frequent or longer movements, or by increasing the load carried.

Adams and Creamer (1962) and Schmidt (1968) hypothesized

that proprioception may act as a mediator for anticipatory 'timing

responses.

Adams and Creamer (1§62) theorized that if a subject

makes a response at time t, the proprioceptive feedback from this
b

response enters short term memory and then decays predictably

with time. If an additional response is to be made .at time t + A

t, where At is constant, the: subject can learn to use the

predictable

properties of the decaying trace as a time standard.

This results in a more accurate estimation of when time t + A t

will

occur,

Schmidt

and Christina (1969) found that absolute

T

.
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timing error tends to decrease with practice. In addition, the
group receiving more and}or intense feedback roduced fewer
errors than the less intense feedback group. imilar results
were found in Christina‘’s (1971) temporai\anticipation‘study
where 32 male college students learned to temporally anticipate,
with no preview, the coincidence of a moving pointer with a
stationary one. Subjects in the high feedback group had to
rotate a crank, hidden from view, 90 degrees with their left hand
during the interval to be timed. ‘Eﬁbjects in%,the low feedback
group 5ust positioned their left hand on the crank. Both groups
had to lift their right middle and index fingers off a reaction
key to mark the anticipated 6oincidence of the pointers. The

high feedback group temporally anticipated with significantly

greater accuracy than the low feedback group.

Of special interest here is the role of internal feedback in
the phenomenbn of rapid error correction. This phenomenon has
been observed frequently in pursuit tracking tasks and in choice
reaction time tasks where errors in direction are observed to be
corrected in leés time than is required in spontaneous responses
to external.stimuli. The expl;nation offered most often is that
errors are detected centrally via the efference copy or

ﬁ;nticpated motor schema, even before the movement begins. The
higher centres of the central nervous system specify the exact
musculature to be utilized, as well as the temporal sequence in
which the muscles are to be activated in the desired movement.

At the same time representations of the movement parameters are

fed—fqrward to the musculature involved. In the event that

- e
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feffggpk from the execution of the response does not match either
tggée individual representations, or the overall model of that
‘movement stored in memory, the discrepancy denotes an error.\
Correction of the movement ensues accdrdingly. "Therefore, the
corrections were not in response to the external consequences of
the origipal efferent command" {Diggles, 1981, p.2). Evidence <
for this lies ih the qssumption that long before input ;s ready
the cerebellar nuclei can compute. the correctness of the
pyrimidial tract discharge (motor command) and return a modified

-
version to the cerebellum facilitating corrections -in

approximately 20 msec (Eccles et al., 1867).

In her study of the rapid error correction of arm movements
Diggles (1981) found 54 percent of the errors generated exhibited
electromyographic (EMG) patterns of antagonist inhib#tion
prébéeding the actual error response by ¥%s much as 60 msec. This
finding supports the notion that rapid error corrections are a
central; phenomenon, since the correction is evident even before
the error has been made (Diggles, 198l). These ‘Mresults are in
direct contrast to those of Schmidt & Christina (1969), Adams &
Creamer (1962) and Schmidt (1969) who believed proprioceptive
feedback was important in error detection. Perhaps these two
opposing views are not mutually exclusive, but rather because
they can occur simultaneously, play complementary roles in the

correction of movement errors.
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In a situation involving striking a rapidly moving target
Schmidt .(1968) found between reaction time and error a Pierson’
product-moment correlation of 0.73. A correlation of 0.04 was
found between movement time and error. Schmidt interpreted these
findings to mean that the subject’s error was, in all probability
anticipatory, and ;argely determined before the initiation of ghe
movement. Further, after initiation of the response the subject
was unable to alter his or her movement in résponseg to the

concurrent feedback of<#the response,

-

Movement timesvénd reaction' times showed a high degree of
correlation of 0.63, "...indicating that the movement time and
thé starting time...{are]...preprogrammed"” { Schmidt, 1968,
p.641). Combined with the finding that the standard deviation of
the subjects’ reactionstimes were nearly twice gthose of their
movement - times, these findings support the view that subjects
attempt to keep their movement times constant and vary their
reaction times in_response to the error on the previous trial
(Schmidt, 1968). This then is in accordance with the
aforementioned work by Lam}ng (1979) regarding deliberate
modifications to the response latency after an error has been

committed in an effort to improve subsequent re;gﬁnse accuracy.

Similarly, Rabbitt (1979), Rabbitt & Rogers (1977), and
Rabbitt & Vyas (1970) found that subjects gquite systematically

make runs of increasingly fast responses, terminating in an even

faster error. Having detected the mistake, the subjects then

o

slow down their subsequen&\;eaction times to "track" at a slower
ore probable. The cycle then repeats
N

pace for which accuracy is
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itself. Welford (1980) also predicted this cyclic errér—re5ponse
pattern. While all subjects slow their subsequent réspohses in
the wake of an error the older subjects reduce their speed much
more drastically; ané for a longer perioé of time than do the
younger subjects. It is of importance at this time to note that
the elderly, although slower than the younger subjects, were
still concerned with, @nd capable of, detecting and subsequently
correcting their fesponse é}rors. "It seems that people need to
detect errors in order to control their performance in continuous
tasks" (Rabbitt & Rodgers, 1977, p.727). "Errors are rarely
random or unsystematic occurrences but can be traced to causal
factors and when discovered perhaps avoided" (Turpin & Buck,
1984, p.l). A low error rate is generally indicative of the
:ubject's comprehension of the task and the instructions, as well
" as a concerted effort to ‘comply with those instructions. As
Pachella (1974) pointed out, the speed—accuracy relationship is
such that when speed is at a minimum, -small differences in
accuracy could reflect large differences in the subject’s
intentions. Hence, there is a need to study errors whenever
examiniﬁg reaction times. The information that error analysis
yields helps the researcher to better assess the nature of the
response and the motivation of, and the competency of the

respondent to monitor his or ler peformance.

P

Through data derived from-pursuit—tracking Buck (1982) has
illustrated that movement time is related to two independent
factors, movement amplitude and boundary distance, and further,

that terminal accuracy (the w of Fitt’s Law) is determined by

Ay
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boundarf\distance alone. Boundary didtance is defined "...as the
d%stance between the Farget and the boundary [or outer limiti of
the display in the.di:;ction of movement" (Buck, 1976,p.1). In
an earlier series of experiments altering movement amplitude and
direction in varying conditions of knowledge of results and sleép
deprivation, .Buék (1976) found that as the distance between the
target and the outer limit of the display the subject was moving
towards in his or her aligﬁment increased; overshoot ‘rate

increased. Subjects appeared to track as if faced with some

insuperable barrier, and moderated their primary, ballistic

pam

movement in order to avoid coming into contact with it. The
standard deviation of these attempts at alignment comprised the

upper tail of their end peoint di persion, as represented by the
overshoot rate. ~ It would seeﬁfthat while movement speed varies
directly. with movement amplitude, gmovement accuracy, as
determined by the overshodfdgéte, depends upon boundary diétance.
If movement amplitude iSfLeld constant, boundary distance holds

an inverse relationship to movement time. These two

"Eelationéhips hold true for both the direct and the indirect

versions of the tracometer. To briefly condense this discu%&ion
on error causation and—correction, let it be understood (ﬁhat
error reduction is inéegral to the learning process. Errors
frequently result from misperceived situations, which in the case
of the adult, may arise from age-related declines in visual
acuity (Brebner & Welford, 1980; Hoyer & Plude, 1980). The
observed slowing in the\rate of information proceésing with age
(Hartley, Harker ; Walsh, DM80; Simon & Pourabagher, 1978) may

incite subjects to rely on compensatory strategies, such as

-
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anticipation (McPherson, 1983). But as was discus®ed earlier,
anticipation often leads to misperceptions, which in turn, result
in errors, To offset the perceived need to employ thesé
strategieé it has been suggested that the instructions given to,
the stimulus preéentatibn, and the response elicited £from the
older subject all be at a pace directed By the subject. When
response.errors are comfiitted older sﬁbjects allégedly slow.Eheir
subsequent reSponses Qignificantly mére than do younger subjects.
To ensure accuracy on following requﬁses, and perhaps bolster
the}r confidence the older subje;ts have been observed to
éontinue to respond slowly’for a longgr period of time after an
erfor thag. do their youriger counterparts {Rabbitt & vyas, 1970;
welford, 1980). This slowing %llugtrates-two important points,
~first, that the elderly are able to monitor their performance
accuracy, and second, that their peﬁchantl for accuracy above

speed is a powerful ingluence on their performance.

~ To this point fhis review has concentrated on age-related
changes affecting information érocessing; There are several
physiological changeé that relate to the area of motor skill
processing that “should also be mentioned. Certainly, there are
.other' changes taking plaEe in the aging process such és
biochemical or biomechanical variations that limit response
production, While thése cpmponents are important, tﬁey are not

within the scope of this study.
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" Physiological Changes Associated with Aging

In discussing the relative contribution of strategic factors
and neurophysiolog%cal re;traiﬁts in the observed sloﬁing in the
elderly, Welford (1977, p.470) stated, "...the question Iis
important, not only from a theoretical point of view, but because
fundamental changes are essentially, a physical problem whereas

changes of strategy may be amenable to training", and therefore,
g .

accomodated.

While this cognitive compensation may "be important, there
are those who believe t&at:improveq,physical fitness may also
benefit aging psychomotor performance. A maior Qfoponent for the
use of physical fitness to retard the ontogenetic slowing has

béen Spirduso (Spirduso, 1975,1985; Spirduso & Clifford,.1878).

In 1975, Spirduso sought to ascertain thp benefit, if any,
of habitually active} lifestyles ung: psychomotor task
performance. Four grquﬁgxeach containing 15 males were formed.
‘The two youngér groups, active andkzon—active (mean age = 24.5
years) were contrasted against the two Qiggr groups, active and
non-active (mean age = ©56.8 years). Simple reaction time,
discrimination rgaction-times, and movement times were measured.
Both main .effects of age and activi;y level were significant. 1In
terms of simple reaction time and movement time the order of
performance, from fastest to slowest was as follows: younger
active, older active, younger non-active, and older non-active
gtoups. . In the discrimination reaction time task both younger
groups scored faster responses than‘éoth of the older groups,

T

H

-
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nen~-active subjects. Spirduso maintained that a healthy
cardiovascular system resulting }rom lifelong physical aétivity
enhances cerebral circulation -and, "...maintains an optimum
neuronal iongevity as well as p;océSQing efficiency"” (épirduso,
1975, p.439}). Sﬁé-fhén concluded thét;wﬁjjjfhe. best protection
against senile iﬁvolution of Erain cells in cerebral activity is
exercise, which unlike menEal activity, stimulates "metabolism,

blood circulatioq, digestion and glands of external secretion"

(Spirduso, 1975, p.439).

In a replication of her earlier research, Spirduso &

Clifford (1978) disgovered that older active men; whether in

. /7
competitive {racquet sports) or in non-competitive {running).
activities, have significantly faster 'simple reaction, choice-

reaction, and movement times than do their . sedentary

counterparts. In " addition, these oider active groups aré~al$o
significantly faster than the younger non-active gfoup on these
measures. The older racquet sports group, involved in a sport
which demands quick decision-making to an ever changing

environment and continuous stimulation of the central nervous

» ™ \ ,
, system were significantly faster than the older running group.

‘But this sporhiislated difference was not apparent between the

two younger activgkgfﬁﬁps. In fact younger runners proved to be
faster on movement times associated with both the simple and
éhoice reaction time tasks. The older runners were faster than
the older racquet sports group only in terms of movement times

associated with the cho;ce reaction time task. All in all the

¢ _ " Page §7.—/\

although in each age group the active were faster than the .

A
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k increased demand on the participants of the fitness program over
their sedentary counterparts may have ret&ided the declinég in
both physical health, and of consequence to the present study,

decision-making abilities associated with'aging. «

In contrast to the findings of Spirduso (1975) and Spirduso_

‘and Clifford (1978), Botwinick and Storandt (1974) failed to find
a significant relationship between the levels of activity and
reaction time in older subjects. L Instead i£ appeared that the
{undefined) benefits derived from activity were ‘limited to the
young. Perhaps increased ggtivity levels do offset age-related
changes in reaction time (Spirduso, 1975;1985), but are just not
powerful enough to overcome \the tremendous deficits in
performance accompanying cardiovascular disease. Since Botwinick
¢+ & Storandt (1974) utilized subjects with increasing levels of
cardiovascular disease the suggestion that exercise nay alter the
age—féaction time relationship in ;heir study could not be
substantiated. It seems that cardiovascular status had a more
powerful influence on reaction times than did activity level. 1In
order to control for tyis potent variable subjects in psfchomotor
ability assessments should be screened for cardiovascular status,

lest they bias group perfbrmance scores.

Earlier, DeVries (1970) had cbserved improvement in
physiol;gical function of older subjects as a result of
participation in a training regime. . DeVries concluded that
.". .the trainabilfty of older men with respectito physical work

capacity.is probably considerably greater than has been suspécted

and does not depend upon having trained vigorously in youth"
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(Devries, 1970, p.335). Unlike Spirduso (1975} or Spirduso and
Clifford (1978), Devries (1970) suggested that improved cognitive
functions resulted less from physical conditfoning than fer
arousal of the central nervous system. These stuﬁies‘on phyéﬁqal
fitness and aging are good examples bf»the age old adage, "use it
or lose it". It would seem that the maintenance of one's
physical and cognitive capabilities enhances tﬁe preservation of
one’s sense of personal integrity. Hence, there is a need to
screen subjecés for cardiovascular fitness if one wishes to
examine the true potential of normal healthy Adults. ‘Igyhas been
suggested that those who have maintained their cardiovascular
integrity, evidenced by the absense of cardiovascular and
cerebrovascular diseases, have also sustained their intellectual
capacities, and in particular their decision-making ability which
directly influences psychomotor skill execution (Spiduso, 10857,
- The more obvious external physical changes such as the reduction
in subcutaneous fat aﬁd muscle mass (perhaps even height)
markedly alters physique. For those whose sense of identity is
closely ‘linked to their body image and possible former
performance prowess, such changes may greatly reduce self-esteem
{McPherson, 1983) and perhaps even change behavior (Milligan et
al., 1981). Expectations regarding what is socially acceptable
for their age may serve as cogent constraints to participation in
physical activity by.the elderly. Yet, "...the evidence suggests
that the benefits of physical activity may be even more important
as age increases. ig/ﬁiact, it is hard to imagine a group for
which chronic exercisd is more impqrtagt in terms of enhancing

the quality of life" (Spirduso, 1985, p.7).
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Internal changes such as decreased muscle mass and
‘elagticity, reduced water content and inc;easedlfat to muscle
| cell ratio, increased osteoporosis due to a loss in minerals and
decreééed bone size, as well as limited range of flexibility all
serve t$ reduce ability to perform even simple tasks .{McPherson,
1983). Reports indicate that the relative number of fast
contracting giycolytiﬁ fibers (Type I1I), essential for power or
strength performances, declines linearly with age from the 30's
to the 70’'s. Consequently, the percentage of slow oxidative
fibers {Type 1), integqral .to endurance performances, is
proportionately greater than the Type If fibers in older
individuals. This may help explain why older individuals tend to
gravitate towards endurance activities, such as mar&thon running
(Spiqdusgi 1985); Associated with these internal decrements is a
loss of mobility wpich in turn could affect one's sense of
competence and very probably one’s adroitness when performing

motor skills (Milligan et al., 1981). {

To summarize briefly the discussion on the effects of
ontogenetic change on information processing, for a movement or a
skill to be performéd-confidently énd accurately its initiation,
~execution, and termination characteristics must have been
identified in the motor commands issued by the brain. It has
been proposed that through learning an individual retains in
memory a fixed plan of action that specifies the temporal and
sequential properties of a total skill. Once initiated, this
plan of action regulates a myriad of motor commands that can

control the entire movement in the absence of feedchk.
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Essential to this plan are the organizaticnal principles of
hierarchy and sequence. 1In addition, movements within a plan of
action must be executed as they héve beeh specified or the plan
will break down and most likely result in an errér. FoE'the'plan
to be considered viable for executon it must first be
hierérchical}y organized, implying that the various operations be
categorized and then ordered relative to the sequence in which
they are to be carried out (Marteniuk, 1976). As is evidenced by
the litérature reviewed so far the aging adult 1is subject to
deterioration in not only the perceptual. mechanism function
(Hoyer & Plude, 1980; Kline & Szafran, 1975; Lee & qulack, 1978;
Panek et al., 1977), but also in the central (Bartley,’Harker &
Walsh, 1980; Rabbitt, 1977; Simon & Pourabagher, 1978; welford,
1980) and the effector mechanism capacities as wel} {McPherson,

1983; Milligan et al., 1981; Welford, 1977).

Motor Performance and Cardiovascular Health

For the most part, this review has centered on research
concerniﬁg the effects of ontogenetic change on motor performance
utilizing "healthy" subjects. But not all adults escape illness.
It is not the function of this paper to review all of the
literature on diseases incurred by the aging adult; however, in
studying aging, it 1is important to distinguish between the
effects of aging per se, and the effects of pathological
conditions which sometimes, although not necessarily accompany
chronological age (Speith, 1965). The hghavioral profile of
individuals predisposed to coronary heart é;éease (CHD) suggests

an influence on their motor skills and the problem-solving



Page 62

strategies they use, and so is of interest to motor behaviourists

{Krantz & Manuck,1984).

The Western Collaborative Group Study conducted by Freidman
et al. (1968) attempted to link behavioral variables, and motor
performance abilities to the eticlogy of coronary heart disease.
These investigators haQe defined a coronary-disease-prone (Type

A) behavior pattern as,

...a characteristic action-emotion complex
which is exhibited by those individuals who
are _engaged in a relatively chronic struggle
to obtain an unlimited number of poorly
defined things from their environment in the
shortest period of time, and if necessary,
against the opp051ng“a forts of other things .
or persons in thig’ sa environment"
(Abrahams & Birren, I973, p.471).

o

-Individuals exhibiting a Type A behavior profile are
generally highly competitive. They like to establish their own
work pabe but are often involved in multiple activities having
time restrictions. Type A individuals seem to be extraordinarily
alert, and they "...tend to be impatient with slowness, even to
the point of hurrying conversations or supplying words for
persons with whom they are speaking” (Abrahams & Birren, 1973,
p.471). on the other hand, Type B behavior has merely been
described as the, “...absence of the overt manifestation of Type
A characteristics" (Abrahams & Birren, 1973, p.471). Relative to
the ea;lier cited findings regarding limited attentjon
allocation, and a slowing in the processing rate with ége, if

Type A individuals insist on being involved in multiple

activities having time restrictions they may be defeating their

s
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own efforts. oOn the other hand, if they have always approached

situations in this way perhaps their decision-making is

maintained with the life-long pattern or practice.

, There have been several studies dedicated to elucidating the

differences between the Type A and Type B behavior personalities.
A brief survey of only those studies concerned with psychomotor
abilities as a function of the Type A versus Type B behavior

profile follows.

Using a modified version of the Birren, Riegel and Morrison
{1962) ten-choice serial reaction time task, menticned earlier,'
Speith (1965) tested 338 men aged 35 to 55 vyears. There were
nine groups in all, including false-positive subjects, those with
mild or moderate congenital or rheumatic heart defects, and those
with arteriosclerotic or coronary disease without hypertension
some of which had old myocardial infarcts, and some hypertension.
Still other groups had hypertensive diseases but with blood
pressure maintained at normotensive levels by medication. The
.last pathological group had histories of cerebrovascular
accidents or evidence of Eerebrovascular diseases. All of these
subjects were then matched with healthy same-aged volunteers.
The groups also performed two other .tests, the Wechsler Adult
Inte}ligence Scale (WAIS) Block Design and the Halstead Tactual

Performance Test, as outlined by Speith (1965).

The study demonstrated qui}e conclusively that subjects
suffering from arteriosclerotic coronary heart disease, or those

who showed ‘evidence of old myocardial infarctions, and especially
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those with hypertension performed less ably than did their
healthy contemporaries on a wide variety of self-paced tasks in
which physical effort involvement was minimized. Thisfpoorer
performance.(slower reaction time) was also manifested by;)those
who had recovered from the adute symptoms, and also by those who

exhibited only a moderate degree of these coronary - heart

diseases.

0f relevance to the present study, the coronary heart
disease subjects made more errors even though working more slowly
tﬁan the healthy subjects, suggesting that the coronary heart
disease subjects did not achieve accuracy 'at the expense of
speed, "...their slowness was not in the rdoing’ but in the
rdeciding what to do’" (Speith, 1965, p.374) and therefore

reflected central processing adaptation beyond that normally

.encountered with aging.

To test the hypothesis that this adaptation to -the central
processing mechanism may occur even prior to the overt physical
manifestation of coronary heart disease rather than as a result
or consequence of the event, Bortner and Rosenman (1967) compared
the respbnses of Type A and Type B individuals. The hypothesis
Qas> confirmed,ﬁ in that Type A subjects did have longer reaction
times than did Type B subjects. 1In a replicat%on of this study,
Abrahams and Birren (1973) compared the reaction times of people
with a predisposition to coronary heart disease (Type A) as
assessed by the Standard Situation Interview developed by
ngedman (1969), to those not prone to coronary heart diséase

(Type B}. Their results showed that subjects manifesting a
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coronary-disease-prone behavior pattern had significantly longer

 response latencieé for simple reaction time tasks. Type A

subjects were disproportionately slower than Type B subjects in
the choice reaction time tasks where target location certainty
necessitated a greater dependence on, ot involvement of central
mééhanism decision-making.  Abrahams* and Birren (1973, p.478)
suggested that, "...perhaps psychomotor slowing existed prior to
the acute onset of CHD and may be the consequence of

psychophysiological antecedents to the disease".

Similarl;, Botwinick and Storandt (1974) found subjects with
differing levels of cardiovascular problems have significantly
longer reaction times than do healthy subjects. - The suggestion
that habits o? exercise might alter the age—related.reaction time
slowing for older shbjects was ﬁot substantiated. It was
tentatively suggested that whatever "...influence exercise may

exert on RT {(or what common mechanism may underlie both level of

exercise and RT - a mechanism such as a vigorous psychobiological

constitution, for example) is limited to the young" (Botwinick &

Storandt, 1974, p.548). These studies seem to support the
earlier supposition that cardiovascular status may be a2 powerful
predictor of psychomotor ability.

Three explanations have been offered for the observed
cardiac-related motor performance resultsﬁj The first explanation
emphasizes subclinical cardiovascular or cerebrovascular oxygen
insufficiency .in Type A subjects which in turn, may slow

processing efficiency (Abrahams & Birren, 1973; Kalish, 1975;

Speith, 1965; Welford, 1978, 1980). The second suggests that at

1



Page 66

least some part of the..central nervous system (CNS) of the
coronary—diseasé—prone subjects 1ﬁﬁggggﬂngé functioning of the
aginj adult, perhaps due to deterioration of the CNS beyond that
required for méintaining optimal proficiency (Abrahams & Birren,
1973; Kalish, 1975; Spirduso, 1975, 1985; 'Spiduso & Clifford,
1978}. Thetthird suggests that just as there may be a reduction
of the signal to noise ratio with age there may, also be a
difference ih Type A versus Type B responsivity. It has been
proposed that higher initial background levels of activation in
the Type A subjects effectively raises the threshold against
which incoming signals have to be detected' (Abrahams & Birren,
1973). A lowered signal to noise ratio could indirectly+affect
motor performance by impairing the ability to prepare responses,
hold states of readiness or formulate expectations (Abrahams &

Birren, 1973; welford, 1980).

From these studiés ore the influence of cardiovagcular status

on motor performance it seems that people with symptoms of
-coronary heart disease, or even those with a similar behavioral
profile, encounter slowed responses s%milar.to those seen in the
aging adult. It would appear that the effects of aging on motor

performance are compounded by the additional variable of coronary

dysfuncton.

The foregoing discussion on the effect of cardiac
dysfunction on motor performance, including accu}acy, underlines
two important points. The first is the need to screen out those
subjects who have actually suffered a major illness such as

cardiovascular or cerebrovascular disease when assessing the
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effects of normal aging. The seéond illustrates why those with a
pre~-disposition to coronary heart diséase according to the Type A
versus Type B behavioral p;ofiIes should also be controlled, in
subject pdpulations using a motor performance task.
Specifically, this is done in an effort to ensure a truer

representation of normal motor performance in older people.

Gender Differences with Respect to Motor Performance

Eecause Type A and Type B traits are evident in both sexes
females must also be represented in studies examining the effects
of cardiovascular behavior on psychomotor performance with age.
To date, thereC}g evidence of lack of consistent age and gender
matching when comparing the performances of men and women on
various tasks (DevVries, 1970; Fogliani-Messina et al., 1983;
Kirchner, 1958; Salthouse & Somberg, 1982§. Since research in
the past has demonstrated fairly consistent gender-related
differences in motor performance it seems incongruous that more
care has nat been taken to ensure ‘egual represengation in subject
samples. Not to belabour the gender issue but more to identify

some of the observed gender-related differences in motor

performance the following studies are cited.

Noble et al. (1964) mﬁgﬁéred response speed across most of
the 1life span (from B8 to 87 years). The two sexes were found to
have similar responses until their pre—-teen years of 10 to 14,
where the females are faster than the males, probably .because of

their relative maturity at this stage. Males then surpass

females and remain faster until quite late in life (71 to 84



Page 68

2o

ﬁwfears 7 at which point they are generally no longer gquicker and
/ * ‘

( are even slower than females. These gender differences have been

\\;replicated in—other studies such as those involving response to

‘v*igal qr"gﬁdig?ry cues (Bellis, 1933) or in pressing and .
reléééfng a key ta\rbe‘onset of a.stimulus (Engel ef al., 1972).

Other resedtchers have found differences between genders on
psychomotor ariables to ;L only marginal (Botwinick‘& Storandt,

/ .
1967; Botwinick % Thompson, 1966; Gottsdanker, 1982).  Botwinick
and Thompson (1966) distinguished pre-motor time from motor time

using EMG records, and concluded that the entire gender

difference effect lay in the premotor tiﬁe, "...implying thgé.
control rather than muscular factors were involved", (Welford,
1980, p.347). - S

It is important to note that thesé gender differences did
not dissipate with practice (Botwinick & Thompson, 1966; Noble.et
al., 1964; Welford, 1980). To date, attempts to explain these
differences hav; been vaque. Often the ratio of males to females
in performance studies has been - disproportionate and 50

.comparisons are restricted, and results uncertain.

éimilarly, while some studies may begin with evenly matched
healthy and pathological groups, because of severe attrition they ,
may end- with poor comparisons and overgeneralized results.
Another frequently encountered conttol problem in motor
performance research concerns the use of large age spans of 20 to
30 years to represént the elderly when using much smaller age

spans of 4 to 10 yeaggwfor younger groups (Fogliani-Messina et
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al., 1983; Kirchner, 1958; Salthouse & Somberg, 1982).

]
oversights such as these and those already mentioned, on the part
of experimenters have 1led to the the detriment of gerontologmk

research and consequently, to the image of the elderly at large.

Of importance to the present.study is the notion-of confidence.

" There is evidence to suggest that males have more confidence in

performing novel tasks than do females.. remales are also

stereotyped as emotioﬁally nover~reactive" to failure (Williams, °

1977; 1979). I"'Con_sequently, in the present task females may have

slower reaction times than males, and they may also slow their

4

redetion times following an error (fesponse moreso, and for a

~

. longer period of time ;han‘will males. Recdll tH&E this slowing

in response time is thought to allow the subject ‘time to

re-establish his or her confidence in task exection (ﬁabbitt,'

1979; Rabbit & Rogers, 1977; Rabbitt & Vyas, 1970; Welford,
‘ ¢

Summary of .the Review of Literature

i v
, To summafize this survey of relat%dﬁliterature, let it be
understood that age-relaged changes occﬁr in all three of the
major mechahisms of the information prpcessing network. From the
initial reception of the signal (Colavité, 1978; Hoyer & Plude,

198Q: Lee &‘Pol;ackn 1978) to the eventual production Ofd the

cesponse (McPherdon, 1983; Milligan et al., 1981; Welford, 1977,

1980) adaptations are made ta observed age-related physiological

and biomechanical decline. While not‘discounting'the importance

i :’—"- Lo . .
of peripherallyjlocated limitations, there is a growing trend in
:Qj
)
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the lite;gkure to emphasize the effects of aging on cognitive
decision-making aspects of behavior governing movement response
(Welford, 1977, 1980). Supporting this contention, research in
the area of motor performance haé consigtently demonstrated
reaction time changés with age disggoportionatély increase as a
function of task uncertainfy %Eirreﬁ, Riegel} & Morrison, 1962;
Gottsdanker, 1982; Welford, 1977; 1978), or as in the case of the
present study with directional probability. For example, simple
reaction time is said to increase 26 percent between the ages of
20 to 60 years while chdicé reaction time chdnges for the same
period may range from 27 to 51 percent depending on the
difficulty involved in the execution of the task (Birren, Riegel
& Morrison, 1962). Similarly, age-related changes in movement

time also increase as a function of the number of muscle groups

-

i

£

involved (Birren & Botwinick, 1951; Morikyo & Nishioka, 1966:

Pierson & Montoye, 1958; Rose, 1982; Welford, Norris & Shock,

1969); For example, while repetitive tapping movements between
two targets spbw little change with age (Morikyo & Nishiéka,
1966; Welford, Nor;is & Sﬁock, 1969) more elaborate movements
requiring greater concentration such as writing digits or tracing

complex . patterns have shown very substantial (60-120 percent)

changes with age (Birren & Botwinick, 1951).

“ In response to these éerformance decrements the elderly
fﬁten employ compensatory strategies, such as caution and
'anticipation.\_ Cautiousness is '_no loﬁgér interpreted as
involuntary rigidity, -bﬁt rather as a deliberate conscious

adaptatien to neurobiological changes (McPherson, 1983}.  The
' . ' v O
| <

f}/f\\ o : B .. CoL
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elderly seem very co?cerned about committiﬁg errors and prefer

not to risk committing an error for the sake of speed (Calhoun &

"Hutchison, 1981; Herrick, 1983). It has also been suggested that

there is } physiological need to access more of the available
information before making a decision with any certainty, due to
the increase in the sensory threshold to excitation (Colavita,
1978), and possibly, the lowering of signal to noise ratio in the
brain (Welford, 1977). Anticipation of stimulus information may
facilitate reaction time, but it does not guarantee that the
response produced is appropriaﬁe. 1t might be suggested that if
older subjects - allocated more time to assessing the
stimulus;renghSe compatability, fewer response errors would

result. Yet the validity of this latter approach may seem to be

greatly outweighed bﬁ the necessity to do something, to respond.

In situations wh:jE,;he presentation of the stimulus is brief)or
\
the time to reSpond short, the elderly are at a distinct

disadvantage. This 1is because the rate of proceséing visual
stimuli is slower in the elderly, even though the processing
stages - are virtually the same (Hoyerq\& Plude, 1980; Lee &
Pollack, 1978; McPherson, 1983). The encoding stage of the
central mechanism in -information processing seeﬁs to incur the
greatest decrement with age (Craik & Simon, 1980; Simon &

. ‘ *
Pourabagher, 1978), perhaps as a result of, or in addition to,

_“their trouble iqnoriné irrelevant stimuli or items (Farkas &

Hoyer, 1980; Hartley, Harker & Walsh, 1980; Rabbitt, 1977).

t
J

-
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Apbarent}y the elderly rely more on expectations of stimulus
information, and .resultant response specification, than do
younger adults (Welford, 1977). Thié, combined with -the slower
information processing noted in  the elderly {(McPherson, 1983;
Rose, 1982) may have impo}tant‘ implications in the observed_

higher error rate in older adplts (Fowler et al., 1983; Gaylord &

AN

Subjects are well aware that they have made an error when it

{/ March, 1975; Milligan et al., 1981).
{

occurs (Laﬁing, 1979; Rabbitt, 1966) and generally slow{their
subsequent responses in order' that accuracy may be regained.
Older subjects, pefhéps because of their more intense fear of
failure {(Kalish, E;75), slow-their subseguent reaction times much
more, and for a long%f period of time after the error has been
committed than do ydﬁnger subjects, If one considers the
hypothesized role of internal feedback via effer'ence copy in
rapid error corrections, and the finding that changes in
peripheral sensory mechanisms with age (Landahl & Birren, 18959;

Szafran, 1951) may impair the procéssing of fee&back, the slowing

with age in responses following an r may be more readily

understood.

—

RéSeérchers investigating the subject of error responses
have concluded that varying degrees of coronaty heart diselse
involvement, evea the predisposition to the disease, influences
information processing efficiency, in particular, that of the
central mechanism (Abrahams & Birren, 1973; Bortner & Rosenman,
1967; Botwinick & Stprandt, 1974; Speith, 1968). Speith (1965)

tients make more

4

has concluded that coronary heart disease p

~

~
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psfchomotor ‘errors than their healthy counterpafts. It has been
suggested that those predisposed to cardiac heart disease can be
identified even in the absense of overt symptoms by their written
responses to a questionnaire (Jenkins, Zyzanski & Rosenman, 1967;

 J
Prior, Goodyear.s& Holen, 1983). 1In addition to this, consistent

s RS

gender-related differences in reaction times  have been
demonstrated (Botwinick & Thompson, 1966; Noble et al., 1964;
Wwelford, 1980), although . the differences in error rate with
either gender or cardiovascular behavioral profile have not been

sufficiently delineated.

4

Motor learning and the execution of a motor skill may be
seen as a set of processes involved in practice with, or exposure
to something leading to a relatively permanent change in skillei
behavior. Overall, .it involves a distinctive comprehension o
how one learns to perceive and dbstract relevant information from
the environment, and £from mqvement, and ‘further, how this
informaton is apélied to organize and control 'subsequent
movements including the correction of errors. Necessarily, those
variables confounding comprehension and movement production must
be identified and where possible controlled for, in order that a
reayistic appraisa{\of the aging motor processing system be

achieved. To this end, the following study has been developed.
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Hypotheses

Based upon the preceding review of literature and the pilot

work already performed the following relationships regarding the

relative contribution age, gender, and cardiovascular behavioral

profile make to motor performance have been predicted:

Related to Performance Speed:

(1}

(2)

(3)

Younger subjects are significantly faster in performance

speed measures than are older subjects.

Male subjects are significantly faster in performance

speed measures than are female subjects.

Type B subjects are significantly faster in performance

speed measures than are Type A subjects.

Related to Performance Accuracy:

(4)

(5)

(6)

Younger subjects are significantly more accurate

than are older subjects.

Male subjects are significantly more accurate than

are females subjects.

Type B subjects are significantly more accurate than

are Type A subjects.

T
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Related to Adaptation to Response Errors:

==&(7) Correct reaction times immediately following a
reSponse error are significantly faster for younger

subjects than for older subjects.

{8) Correct reaction times immediately following a
response error are significantly faster for male

subjects than fot female subjects.

(9) Correct reaction times immediately following a
response error are significantly faster for Type B

subjects than for Type A subjects.
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CHAPTER THREE

. RESEARCH METHODS
: ]

This chapter is concerned with the methodology employed in
this study, including an Overview, an explanation of Subject

Selection, Apparatus, Procedures and Statistical Analyéis.
X

Overview

The investigation was confirmatory in nature. 1In an attempt
to examine the effects of the normal aging process, gender, and
cardioyasculgr behavioral profile on psychomotor abilities, those
persons exhibiting symptoms of either cardiovascular or

cerebrovascular dysfunction were restricted from participating in

this study. A brief medical history of the subject’s illnesses
and present medication was noted in so far as it relafed to their
psychomotor abilities. Subjects ranged in age flrom 55 to 84
years. Each subject was required to perform a series of eight
trials on a step-input pursuit tracking task in order to assess
his or her performanée speed, accuracy, and reaction to the
commission of an error. Inherent in the task, as fixed by the
instrument, are both varying aspects of directional probability
(0.25, 0.50, 0.75, and 1.00); and mbvement amplitude (41, 82,
123, le4 mm)} and boundary distaﬁce (L, 2, 3, 4). Target
location was randomized throughout the (100 light) trials so that

each of the twenty between-target movements appeared five times.
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In addition to the pursuit tracking task all of the subjects
were asked to complete the Jenkins Activity Survey (Jenkins,
zyzanski &.\Rosenmhn, 1969) . This written queséggnnaiﬁe
characterizes the possible predisposition to coronary heart

disease on a Type A versus Type B behavioral proffle.

Subjects

One hundred and twenty adults between the ages of 55 and 84
years participated in this study. There were 10 men and 10 women
in each of the six age groups: 55-59 years, 60-64 vyears, 65-69

years, 76;74”yéars, 7§;79 years, and 80-84 years.

To be eligible to participate in the present study, subjects
had to meet strict standards regarding their visual acuity and
cardiovascular fitness status. They must have hqd normal, or
corrected to norm;1 vision, They must never have suffered from
symptoms of coronary heart disease, such as a heart attack or
hypertension. They must never haVe suffered a cerebrovascular
accident (stroke). They must not have had a sensory or: a
biomechanical handicap which might impair their ability to
'perform the task. Finally, they must have been able to answer,

coherently, gquestions regarding their medical history, . age, and

place of residence.

All of the subjects were recruited from the Ottawa area on a

volunteer basis.

-
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AQEaratus

The apparatus uséd ﬁo-measure psychgmotor performance on a
pursuit tracking , task included the National Research Council
tracometer and control units (Buck, Leonardo. & Hyde, 1981). The
tracometer is an instrument capable of measﬁring bpth performance
speed and acéuracy variables concurrently, yet independently.
Through the randomization of tafget presentation the tracometer
effectively safeguards against continued’ subject anticipation.
while the subject may partially prepare for the direction of the
next target (depending upon intrinsic directional probability)
there is very little opportunity to prepare for the amplitude of
the ﬁpcbming movement:  Of utmost importance to the present.

study, the tracometer is subject-paced, and portable.

The tracking unit (see Figure 2) presents a 2.4 mm target at
eac of five positions set 41 mm apart along a 188 mm arc of 180
mm radius. .The manually operated control 'wheel requires an
appl}ed torque of 14.2 g.m to initiate movement and has an
inertié of 9.56 g.m?%. This steering wheel drives (a} a pursuit
pointer set up in a 1:1 ratio, and (b) a potentiometer set up in
a 1:4 ratio (Buck, Hyde, Isnor, Leonafdo, and Trumbley, 1982)}.
It should be noted that in this study the indirect steering model
of the tracking unit was employed, such that as the subject.
steers to tﬁe left the pursuit pointer moves to the right fand
"vice versa). This particular version was chosen in order to

" increase the novelty of the task.
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FURSUITPONTER

Figure 2 The National Research Council Tracometer Tracking Unit
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Wwhen a target is presented, a series of events ensue. The
subject must first detect the illumination of the target,
including its position relative to the present location of the
pursuit pointer. The subject must then initiate the movement of
the pointer towards the target. If the subject inadvertently, or
because of anticipation, steers in the wrong direction, or away
from the target, this error must first be detected. Correcting
the error 1involves the redirection of the pointer. With the
pointer approaching thejéarget, the subject attempts to align the
pursuit pointer with the target area,foi an uninterrupted period
of 200 msec. In the event that the subject allows the pointer to |
stray beyond the target area before the 200 msec criteria has
been met, this overshoot must also be detected and the pointer
redirected to agcomplish alignment. The subject must then watch
for the' extinguishing of this target light which signifies
satisfactory alignment. Should the target remain illuminated,
the subject must recognize his or her misalignment, and then
carefully renegotiate the pointer position until the light goes
out. Then and only then should the subject 1look for the
illumination of the subsequent target. When resting at position
1, the probability that the next target will appear to the right
is 100%. When at positicn 2, there is a 25% probability that/%he
next target will appear to the left, and a 75% probability that
it will appear zo'the right. At position 3, there is an equal,
50% chance that the next target will appear to the left or to the
right. qhhe control unit monitors this movement generated output
from the tracking unit potentiometer and then compares it with

two reference voltages. The ‘first of these represents the
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starting position and the second voltage the target position of
each -sucgessi&e tracking movement. The monitored output is in
the form of an amplified analogue measure of control wheel and
pursuit pointer position and movement that is franscribed onto
magnetic tape for future decoding. As the subjects track from
one target to the next they follow a random sequence of targets

'established'py the control unit. As alignment conditions are
met, the reference voltage for the old target becomes the
starting voltaé% reference for the next target. Figure é is a
graphic example of some movement generated output. The fbriginal
or starting position of the pursuit pointer in this figure is at
target 4. The subject is attempting to align the pointer Qith
target 2. Reaction time is calculated as the time 'interval

Lbetween the'illuﬁination of the tafget (in this case, target 2},

and the initiation of pointer movemenﬁ beyond the 2.4 mm target
area of target (4. In this illustration, the subject has
initially steered the pointer in the wrong direction. This
misdirection |is labelled an error. The time the subject spends
in correcting the error until redirecting the pointer represents
the error time. This measure merely conveys how -long the
correction takes to execute, not when the decision to cdrfect
occurred. Movement time, or acquisiﬁion time is calculated as
the interval from the instant the pointer exité the starting
target area, until it reaches the presently sought after target,
regardless of whether an error occurred. Should the subject pass
over the far side of the target before the 200-;sep criteria has

been met, an overshoot is detected. The time it takes the

subject to redirect the pointer to,within the target area for the
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200 msec period constitutéijan overshoot . time. Total response

time represénts the. interval, betﬁéen the'illuminatidn of the
s

target and successful alignment of it.

\

Each of the correct reaction time and the non-overshoot
moveméﬁt time) scores were categorized according to ‘their
respective levels of tésk difficulty, specifically directional
probability for reaction time, and Tovement amplitude for
movement time. Error rate and overshoot fate ‘were averaged

aqrosg levels of directional "probability and boundary distance

¥

respectively, so tbgre was only one score for each of these two
measures per trial. Totallrequnse time is a global measure of
performance and was also represented by one score per trial. The
exception to this is the breakdown of the total response time
into quintileé of écores‘monitoring the first to fifth' exposure
of the between~target movements within each trial. In summary,
each trial is represented by four correct reaction time scores, '
four n@g—ové?ghoot movement time scores, one ‘error and one
overshoot rate, five total response time X quintile scores, and

AY
. . »
one total response time score. To enhance the accuracy of these

measurements the influence of'atypical scores on group means 'was
reduced. In conjunction with earlier tracometer use (Buck, et
al., 1981), and inspection- of the distributioﬁ? for each of the
present study's dependent measures, criterion magnitudes were
established for each var;able. For example, the time criterions
fer counting errors, and overshoots were 15 msec and 51 msec,

respectively. Speed measures required both lower and upper

‘magnitude criteria. Reaction times were restricted to those
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between 101 msec and 16,000 msec. Non-Overshoot movement times
were Trestricted to-those between 101 meec and 2o,poo'hséc while
overshoot movement times were limited to‘those betwegn 1 msec and
faao,ooo msec.’ Depictions {of “the distributions for each of the

'”dependent variables may be found in Appendix A.

The NRC ttacometer, formerly called the stessei&ser,“ is a
stéérinput subject paced pursuit tracking ‘task. It neasures
performance speed and accuracy varlables concurrently. All of
the ‘performance’ varlables are asséssed at four levels of relevant
within task difficulty such as aliectlonal probablllty, movement
amplitude, and boundary dlstance\: The 1nstrument has been used
successfully in gne 1nvestlgat10n of .the "influence”™ of such
factors as sleep deptivation and of dxugs on. motor performancé*
{Buck, et al., 1981). The relati onshlp between correct reaction
time, error rate, and dlrectlonel probability, and between
movement time and movement amplitude, is‘ congrudus -with Hick's
Law and Fitt's Law, respectively, and illustrates the internal
validity of the assessments. The ntoduct—moment correlation

coefficient £for 150 individual scofes has been demonstrated at

0. ?8 on the first two trials, and 0.94 on trials ’i% cand 16
exempllfylng the high degree of test-retest rellablllty
S

. . .
In addition to their- pegformance on the tracometer _each

subject was required to complete 'the Jenkins Activity Survey
(Jenkins, 2Zyzanski and Rosenman, 1967). This survey is a pencil
and paper questionnaire consisting of 52 multiple choice
questions of yhich the subject selects the most appropriate

response. The survey provides a profile of cardiovascular Type A

¥
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versus Typg B behavior. - The survey provides four ' separate
scores, each the result of a discriminant-function analysis.
Eaéh of the 52 questions or items is scoged"on cne or morerof the
four scaleé. Each <choice is weighted. The raw scale scores
equal the sum of the weights for the respondent’s choices on each

of the items within that scale. For those not familiar with this

‘survey a very laconic description of each of the four scales is

included. The Type A scale examines the respondent’s ﬁerception

of, and sEyle of ~approach to- his or her environment. For
exémple, is the environment challenging with time resE}ictions,

bor is it routine? “Db subjects respond'to‘siﬁuations immediately,

or are.they more conservative and methodical in their reactions?
The Speed and Impatience scale surveys rthe rate at which’ﬂ i
respondents work. How many tasks-are performed concurrently? Do
repondents allow themselves sufficient time to recover from
fatigue? The Hard Driving and CompetitiQe scale investigates how
respondents _feel about competition. Is it eﬂjoyable? Is it
necessary to win regardless of the opponent? How do
interruptions influence work productivity? The Job Involvement
scale assesses ghe committment to one’s job. Are respondents
content with their present” position? Do they make an extra
effort to aCCOmplisﬁ‘éheir téské; sﬁch‘as takiﬁg their work homé,

or working at night or on weekends? 1Is the respondent considered
dependable Educational background is also classified. ‘Three of

phe four Jbales were used to categorize the cardiovascular
behavioral profile along the Type A--Type B continuum: (1) the
Type A; (2} Speed épd Impétience; aﬁd (3) the Hard Driving and

Competitive Scales. A number of the subjects, éspecially those

T
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over 35 years of age were very Eéluctant to \ﬁnswer. those
| qde@tions relating to the fourth scale on Job Involvement. Some
éf thes; subjectﬁfaére quite adamant- that even as housewives
raising mahy children during the &epression, they had never held
a-?jqu. S{milarly, other subjects who had worked on the family
farm or followed in the fémily"business, felt that their
dﬂparticipation in their employment had not b?en. a matter of
choice, but rather of duty. Consequently, these subjects felt
that the job involvement gquestions were not appllcable to their
situation. Because - 35% of all of the subjects were reluctant to
answer questions on this fourth scale, in conjunction with the
questionable reliability of answers founded in retroséect, the
jéb involvement scale was ekcluded/‘from the Type A--Type B
categorization. This profile has been demonstrated to be both a
reliable and a wvalid predictor of coronary heart disease
personality behavior patteraus. According to Jenkins et al.
(1967), the internal consistency re;iability coefficients for the
Type A scale derived by Kendall’'s tau b one-year test-retest and
by the squﬁred multipLs correlation approschesﬂwere estimatea at
0.83 and 0.85, respec%ively. A four-year test-retest coeffiqient
of 0.82 coﬁpares favourably with reliabilities of other
standardized psychological tests. The Type A scale was initially
developed as part qf the 1960 Western Coilaborative Group Study
into the predisposition and ultifate manifestation of
cardiovascular disease. In  an independent samplé
cross-validation, there. was approxiﬁately 90% agreement for
subjects scoring within one standard deviation of the mean on the

Jenkins Activity Survey and the widelyr~accepted Structured

LJ
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Interview behavior pattern'- rating used by the Western

Collaborative Group (Jenkins, et al., 1967). Admittedly, for

those who are not familiar with .hmraft.
S wiiagy

ldbels Type A and the Type B conve:

disease literature, the

ittle information. Still,

they_are the conventional means by which these personality

.

behavior patterns are identified and so will be used in this
study. Perhaps a cue might facilitate remembering what the

labels represent. 'For, example, Type A refers to those persons

who approach life at an ACCELERATED pace, always impatient, and

rushing about. Tﬁpe B refers to those pérsoﬁs who have a more

relaxed approach. Their BRAKES keep them from rushing into

things.

Procedure

Each of the 120 subjects was tested individﬁally. Subjects

were asked to complete a single testing session consisting of

eight trials. A brief {2 to 5 minute) rest\peri&d separated two
blocks of four trials. Each session lasted between 40 and 60
minutes. Of the ten patterns of target movements available for
use, only ﬁumbérs one to eight were used, that is to say, the
session began with pattern-l and continued with a change of
pattern with each successive trial for ~all eight trials.
Subjects were seated directly in front of the traéking unit with
the target display just below the line of sight. Indirect

" ambient room lighting was useg whenever possible.

L¥H
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All ‘of the details of the testing sessions for eacﬁ subject
were: recorded on the Tracometer Test Record Sheets (see Appendix
H). Subjects were instructed by the experimenter to align the
cross on the pupsuiﬁ pointer with whichever one of the five

targets illuminated {see Figure 2).

-

It is important to note that when explaining the task to
each subject, both .alignment speed and accuracy were stressed.
Subje;ts were warned against. holding onto the control wheel
handles 4oo tightly, or with juét one hand; Subjects were also

reminded to femember to  blink regularly. jese  lattédr

-

o

: e < .
precautions were taken in an effort to minimize possible physical

and visual fatigque. .

Sﬁbjects started each trial with the pointer resting in
between Positions 4 and 5. Subjects were informed that the first
light to appear in each of these 100 target trials would always ///
be at Position 3.g§d that measurements would be made‘ohly aftE{_,//
the prec{ig alignment qf this. first target. So although 101
targets wére presenteaJon each trial, performance measures were
only drawn on the last 190 targets. Knowledge of results was
-provided by the experimenter in the form of the total time taken,

in seconds, to complete the entire trial.
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Design and Analysis

In.an effort to assess the effects of'ontogenetic‘chgnge on
the. ability to monitor and respond to errors the following
indices were b;mpared. It was hoped that through the collection
of reaction time and movement time data, a better understanding
of phe location and the intensity of age-related changes may be
§6hieved. Subjécts were agked to perform eight trials. However,
due to: ' {1) mechanical failure, which ihpeded the decoding of
some of the trials for two of the subjects; and (2) experimenter
error which led to the magnetic tape.runni;g out 16—15 gargets
before the compietion of the run by two other éubjects, not all
of the 960 subject-trials were complete. Recogniéing the immense
difficulty in replacing four males over the age of 70 years, who
still met the criteria for subject selection, a small compromise
was made. After closely examiniﬁg the group performances on each
of the trials, it was decidea tﬁat pairing the éight separaté
trials into four blocks of two trials would not distort or
misrepresent the data. This conceséion would provide a means to
savel the balance of the data on not only these 'four subjects but
of their respective groups as well. The scores of the first
trial were averaged with those of the second trjal to form the
scores of the first block: The scores of the third and fourth
trials were‘gveraged to form the scores of the second block, and
so on until the scores of the seventh and eighth trials became

" those of the fourth block. Only those blocks with complete data

were used in the analyses.

e
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Perfaormapce Speed Measures

To assess the global effects of' aging, cardiovascular
‘behavior profile, and;gender upon the identification of, reaction
to, and movement towards the target, response speed scores
collépsednf,across levels of directional probability"déﬂaj—bf
movement amplitude were subjected to a Gender X Age X Type X
Block-(of'trials) multivariéte analysis of variance with repeated
measures on the last factor. Thése response speed scores include
measurés of total response time, correct reaction time, and
non-overshoot movement timé. Each of the 20 possible
between-target movements appeared five times within each trial.
The first time each of these 20 movements appeared constituted
the first quintiie. Additional appearances or repititions of
-thesé movements constituted the second, third, fourth and £fifth
quintiles of movements respectively. By co;é;;ing the résponses
of each subject to additional exposures of these movements it may
be possible to tease out the effects of practise, fatigﬁe, and/or
boredom on a more discrete scale than is observed across trials.
Because of the elaborate format in which the tracometer data is
coded the quintile comparison of the total response time ;cores
had to Ee analysed using a Gender X Age X Type X Quintile X Block

(of trials) univariate,lanalysis of wvariance with repeated
\ )

measures on the last two factors.

Examination of the effects of aging, cardiovascular
behavioral profile, - _and gender -upon the wuse of advance
information in preparing for upcoming target location, was

mediated by the compérison of correct reaction times at the four

.
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different levels of directional probability. Only the reaction
times for correct responses were subjected to a Gender X Age X
Type X Directional Probability X Block (of trials) univariate

analysis of variance with repeated measures on the last two

factors.

. The non-overshoot movement times were analysed using a

Gender X Age X Type X Movement Amplitude X Block (of trials)

~univariate analysis of variance with repeated measures on, the

last two factors. This analysis facilitated the comparison of

) | ~
the effects of the three major independent variables Nﬂpon task
execution. Following the main analysis, specific differences

1

we;a,isolated using the SChéffe post-hoc technique.

Performance Accuracy :

N
»

There is same controversy concerning the appropriateness of
statistical measures éﬁployed to assess error event data. Some
researchers prefer to use Chi-squared tests while others prefer
an Analysis of Qariance or a Log-Linear approach. The protocol
established by those who designed the apparatus was adhered to in
the presentd study (Buck, et al., 1982). In keeping with the
precedeﬁt set by these motor behaviorists, the influence of the
aforementioned variables on the accuracy of decision-making, was
assessed by subjecting the number of response errors committed
during each trial to a series of Chi-squared tests. For example,
thé error data for males was compared to that of females. The
error data for Type A subjects was compared to that of Type B

subjects. The number of errors made by each of the age groups

3]
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- A .
was then compared to each of the other age groups. Recall that
to-reduce the risk of confusing, and subsequently analysing true
cognitive errors wiﬁp hand tremors, or unihtqgtional hand
movements, a 15 msec criterion was imposed on the  error time
data. This fidgeting was more of a:problem for some ofy;he

subjects over 75 years of age, than for the subjects under that

age.

ﬁ% Similarly, the extent to which age, cardiovascular
behavioral profile, and gender influenced the accuracy of
alignment executdon was also analysed. These comparisons were
performed by subjecting the number of overshoots incurred by each
of the age groups; by each behavicral profile; and by each
gender, respectively, to Chi-squared testss Males were compared
fo females; each'of the age groups to one an;ther; and Type A
profile 'to Type B profile, repeating those comparisons made for
error rate, Differénces in mean rates of errors and of
overshoots, averaged acrogs age, gender, and cardiovascular
behavioral profile were observed across blocks. of trials, and
across levels of relevant within task difficulty. Unfortunately,
these observations could not be’ stétistically analysed 'Qithout
inflating the Type 1I error rate. _Specifically, in the case of
learning to reduce errors and overshoots across blocks of trials,
the homoscedasticity or the independence of observations
assumptions is violated. Unequal, and sometimes empty cells,
prohibited the analysis = of error rate ,across levels of
directional probability} and of lovershoot rate across levels of

boundary distance {Gessaroli, 1985).
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Adaptation to Responéé Errors

Finally, thF compensatory adjustments subjeéts made to their
reaction times following a response error were examined. Cdrrect
reaction times were subjected to a Gender X Age X Type X Previous
Response Accuracy x’Diréctional Probability X Block (of trials)
univariate anaiysis of variance with repeated"méasures on the
;ést:*three fac;ors. The re%gated measures technique allowed for
tﬁe examination of the relative influenée aée, cardiovascular
behavioral profile, and gender had on subjects’ .ability to learn
to recover %rom their mistakes. One final note, data within 2.0
standard deviations of the mean was considered to be within
"normal" limits, and the level of statistical significance has

been operationally defined at 0.05 for this study.
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#HAPTER FOUR

‘ : \

RESULTS AND DISCUSSION .

For the.purpose of the analysis, subjects were categorized
according to cardiovascular behavioral profile.' Being pfofiled
as haﬁ;ng a Type A behavior implies a certain predisposition to
cardiovascular dysfunction, and so it follows that this tendenéy

should eventually manifest itself. No Type A individuals of

either gender, over the age of 75 yéars were identified in the.

present study. Therefore, comparisons of the influénce of this
behavioral, variable~—{i.&., - Type A versus Type B)  on motor
performance were restricted to the four youngest age groups, 55
to 74 years. Analyses for gender, and age, exclusive of
behavioral profilé‘wefe performed on all six age groups, 55‘to 84
years, using only the Type B behavior‘subjects to determine if
the group differences in perfbrmance measures existing among the
younger age gipﬁps were maintained, or if they changed among
older subjects. Each of the six .specific indices of motor

- N
performance collecthed through the use of the tracometer will now

be presented, in turn, under three sub-~sections. The first of.

these two sub-sections 'pertains to the measures concerned witﬁ
performance ;tigd, and the second with performance accuracy. In
the third subé§§b§ion aihe reaction timesxfollowing a response
error will be examined. Within each of these sub-sections, age,
gender, and cardiovascular behavioral effécts will be:presented,

-

respectively. _
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Performance Speed Measures . N ’

.The distribution of scores for each of {he performante speed

megsures, total response time, total response time by quintiles,
correct reaction time and non-overshoot movement time were all
within normal limits, operationally defined as 2.0 standard
deviations from the mean ksee Appendix A): A composite of the
multivariate and univariate analyées of variahce with repeated
measures on performance speed measures is presented in Table 1.
Thé complete version; of the £wo MANOVA tables concerned with
speéd measures may be found in Appendix B. The complete versioﬁs
of the wunivariate ANOVA tables concerned with total response
time, Eorrect reaction time, and non-overshoot movement time are

found in Appendicies C, D, and E, respectively. .

None of the 3~-way, 4-way, and 5—wa§ multivariate
interactions concerned 'Qith perfbrmanée speed measures were
significant ((p>.l) (see Appendicies B-E)). A multivariate
analy;is of variance with ‘repeatéd measures using only
cardiovasgular behavioral .profilg Type B subjects was also
perforﬁed to accomodate the_ older agé groups in which Type A
behavior gubjecgs had not been identified. The 3—way{;A—way, and
5-way multivariate interactions remained non-significant (see
Appendicies B & C):“‘-These interactions will not be further

elaborated upon because their respective multivariate F-values

were estimated to be non-significant.
P
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Table 1

Composite of Performance Speed Measures
Analysis (55 to 74 years)

Source Performance Speed Measu

Multivariate Univariate -

Pillais Derived F \\
Approx. F ‘
TRT CRT NO-OVMT

Age 3. 2Tkkkk 12,27%%k% 6.4T**k% 9.BLkkkk
Gender 5.95kk** 16,01 %% 4,67 **x 13, 89h%kx
Type 0.91 0.03 1.13 0.23
Task Complexity N.A. N.A. 250.46%%*k 532, 22%*%*
Block (of trials) 12.93%#xx BO.29%*%% 70, 4T**kk 40 9w
Age X Gender 1.09 0.97 0.84 - 0.99
Age X Type 0.64 1.00 1.24 0.91
Age X Complx N.A. N.A. 0.44 2.93%k%*
Age X Block 1.36 1.36 1.32 0.66
Gender X Type 1.46 ! 1.16 0.74 0.00
Gender X Complx N.A. N.A. 0.90 2-.56%%*
Gender X Block 3,17 %% 3.28%%* 3,374 3.89*x%
Type X Complx N.A. N.A. 0.13 0.23
Type X Block 0.89 0.13 0.15 1.22
Complex X Block N.A, ! N.A. 3.00%**% BE 58 * k%
Gen X Age X Type 0.65" 0.40 0.33 0.10

Note:

TRT = Total ﬂ@sPOnse Time

CRT = Correct Reaction Time ;

NO-OVMT = Non-Overshoot Movement Time

Type = Cardiovascular Behavioral Profile

Task Complexity = depicts effect of Directiomal Probability
on CRT; and of Movement Amplitude on NO-OVMT

N.A. = Analysis not applicable

Gen = Gender; Complx = Task Complexity (as above)

Significance Level: * = p<.05 ¥k = p¢,025

Akk = p<. .01 *xkk = p<.001

s
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Total Response Time -

From a descriptive point of view, younger subjects were
faster than were older- subjects, and males.were faster than
females. With respect tosthe inferential framework employed, the
main effect of age was statistically sfgnificant {p¢.001) in the
aforementipned multivariate and univariate analyses. In
reviewing the age effect, the data confirmed that younger
subjects had significantly faster total response times than did
older subjects *consistent with previous literature (Welford,
1980). In Figure 4 the effects of age (p<.001). and obf block
{p<.001) on total responsé time are illustrated. Althoﬁgb the
Age X Gender 'interaction was non-significant, with practice, the
two oldest age groubs appeared to improve (reduce) their total
response times moreso than did the four youngest age grgups. For
all groups the most substantial improvement in total.response
time occurred within the first block of trials (see Figure ).
The difference in performance speed between genders was also
statistically significant (p<.001) in both of the multivariate
analyses of Qariance described earlier. Females were
consistently, and significantly, slower than were males in their
total response times. Both genders improved their performance
significantly over the four blocks of trials (pg;001). Though
the between-gender difference in fotal'fresponse time was
sign}ficantly reduced, especially within the second block of
trials, the females were neyer able to match or surpass the males

(see Figure-H).
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This between-gender difference on total response time was
greater than that which was predicted (Botwinick & Storandt,

Ce - )
1967,1974; Botwinick & Thompson, - 1966; Noble et al

.. 1964;
Salthouse & Sémberg, 1982). The difference between
cardiovascular behavior profiles was less than predicted (see
Table 2 ), contrasting earlier findings derived from research
concerned with the contribution that. predisposition to
cardiovascular dysfunction makes to motor performance (Abrahams &

Birren, 1973; Bortner & Rosenman, 1967; Speith, 1965). The

cardiovascular behavioral profile Type A subjects were observed

. to be slower than were their Type B counterparts, but this

difference was negligible and varied little with practice (p>.1),
or with age ((p>.l)(see Table 1 and ﬁppendix B)). To avoid
repetition and to enhance understanding, the possible reasons for
this incongruence with previous research will be discusééd in
terms . of those performance-speed m;gsures‘that help to make up

the total response time score.

Table 2

Mean Total Response Times (msec) for Type X Block

SO O UG SO
Type Block
1 2 3 4
A 1844 1645 1578 1560
(SD) 88.3 74.7 72.9 86.0
B 1815 1641 1566 1546
(SD) 64.3 53.8 52.0 51.9

Note: Type = Cardiovascular Behavioral Profile : :
(SD) = Standard Deviation /\
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Total Response Time by Quintile

A summary of the two univariate analyses of variance, 'i.e.,f
for the four youngest age groups including the cardiovpscular
behavioral profile comparisons, and for all six gge groups
' ;éi:iusive of Type A behavior subjects, is presented in Tabie 3.
The more complete veréion of these comparisons found in Appendix

C, reveals that for Total Response Time X Quintiles” none of the

3-way, 4-way, or S5-way interactions were significant.

Table 3 ~

Summary of the Univariate ANOVAS for
Total Response Times (msec) X Quintile

Effect Total Response Times X Quintiles

~

Ages 55 to 74 Ages 55 to 84
F values F values

Age 12,24%%%x% 8.68%**%

Gender 15.9B***x* 10, L1 wkkk

Type 0.04 N.A.

Block (of Trials) 80.,22#%*x* G3.94*xkxx*

Quintile .44 %kxk B.76%*%x%

Age X Gender 0.97 0.21

Age X Type 1.01 N.A.

Age X Block . 1.35 3.00%*%%

Age X Quintile 1.50 — 1.09

Gender X Type 1.19 N.A.

Gender X Block 3.26%%% 4,13 %%k%%

Gender X Quintile 1.95 0.36

Type X Block 0.13 N.A.

Type X Quintile 0:99 N.A.

Block X Quintile 10.46%*** T TThxkk

Note e

Type = Cardiovascular Behavioral Profile

N.A., = Analysis not applicable

Significance Level: * = p<.05 k% = p<.025
hhk = p<_01 hkkk o= p<.001
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Separating the total response time into quintiles revealed
that subjects exhﬁbited their slowest, or largest, total response
times in the first quintile, i.e., on the first presentation of
the between-target—Mmovements. Perhaps the observed vacilation in
total response speed %cross quintiles and bl?cksl reflects the
extent to which subjects were attending/po, and were confident in
their ability to execute the task. Toféiaborate on this point,
perhaps at the beginning of the trial subjects were unfamiliar
with the task of executing the between-target movements facing
them and s0 they responded cautiously. On the second guintile
subjects were more famillar with the task and were possibly more
confident, and as a result reponded 51gn1f1cantly faster (p<.05)
than they had on the first quintile. Perhaps after incurring
errors and overshoots, subjects were wunable to improve their
suksequent response speed on the third quintile (p>.05). Then if
accuracy was more assured, subjects would have the confidence to
gignificantly increase thpir response speed on the final two
guintiles (pﬂ.OS).' This accelefakion and deceleration of total
response times within trials is generally consistent across the
four blocks of trials. Figure 6—depicts the Quintile X Block
interaction (p<.001), in which subjects begin the first qﬁintile
of a block of trials with total response times faster than those

i

observed .at the conclusion of their previous block.

4
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In order to illustrate the origins of these fluctuations in
total -response time, the observed -changes in reaction time

scores, and in movement time scores will now be presented.

Correct_Rehction Time

Wwith respect to the cognitive aspect of total response time,

correct reaction time scores also differed significantly between

groups. There were twenty-six cases where no data was available "~

at the 0.25 level of directional prﬁbability as measured by the

. instrument, creating unequal.and sometimes empty cells. However,

this does not imply that seniors are incapable of performing a
pursuit tracking task. admittedly, some subjects had more

trouble executing their movements when target location was least

" certain, in a manner consistent with that reported in the

—

4
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I S

literature (Birren, Riegel & Morrison, 1962; Welford, 1977), but
most subjects readily adapted to changes in direﬁtional
probability. In an effort t6 save the balance of the data
‘concerned with the effect of airectio;;l probability én correct
reaction times; only the complete data, .from the 1.00, 0.75, and
b.SU levels of probability were used in the final analyses. All
four levels are preSented in éﬁ%&\tables for the purpose of
description. The distribution -of t;E correct reaction time
scores was within the normalﬁlimits established for this study

(see Appendix A). A summary of the analysis is presented in

Table 1 (see also Appendix B).

The results of t?e present study concur with earlier
research concerned with age and reaction time (Kalish, 1975;
Klime & Szafran, 1975; Rabbitt, 1977; Welford, 1978). A
significant differenc; among gZe groups on correct reaction times
was observed such that younger subjects had faster react;on times
than did the older subjects (p<.001). Howevery fluctﬂétions in
the increases-in cprrect reaction time with age were observed
{see Table 4). Granted the Age X Gender interaction was not
statistically significant; however, when one considers .the
overall performance of two particular age groups certain trends
and gquestions arise. These fluctuations with age and with gender
were not fully understood until i,ther ugh review was made of the

brief subject histories collected at the time of each. subject’s

participation. Details regarding the personalhactivity levels of

some of the subjects were wuncovered. That ‘s -to say, the

decrease noted in mean correct reaction times across the

o
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seventies may have been due to the 75 to 79 vear old_ males, l80%
of whom were Commissionaires. Their active participation in this
work program may have been enough to counter the adverse effects
of aging. -
Table 4
Mean Correct Reaction Times (mse;) for Gender X Age

Gender : Age Groups ,
55-59 60-64° 65-69 70-74 75-79 80-84

Female 409 493 479 532 616 739
(SD) 7.6 11.2 7:6 12.1 26.3 25.8
Male 398 397 422 514 *512 546
{sSD) 5.7 5.8 6.3 10.3 9.2 13.7

Note: (SD) = Standard Deviation

As a result, these male Comﬁzgsionaires were able to bias
the mean correct reaction time score for their age group enough
to actually demonstrate a faster mean score than subjects five
years younger, Admittedly, it is difficult to distingu{sh
whether the rigours of working as a Commiésionai;e keeps people
active and alert, or whether those who react more quickly to
begin with are more apt to gravitate towards positions requiring
their continued dedication and attention, but it does speak
favorably for the Law of Disuse. Similarly, females in the 55 to
59 year age group were still employed while 60% of the females in
the 60 to 64 year age group had not been employed outside the

"home in over 40 years. This "inactivity" combined with their



advanced age may have accounted for the increase. in correct
reaction times observed between these two female age groups which
did not appear between their same-aged male counterparts.
Neither the males nor the femaleé differed appreciably in
reﬁction times across their sixties. The faster correct reaction
times exhibited by the 65 to 69 year ald females over the 60 to
64;'year old females, may have been the result of the
"professional Volunteers" in the older group. Sixty percent of
the females aged 65 to 69 years were very actively involved in
community service work... Some of these subjects in their late
sixties were so busy that they had difficulty fitting their
participation in this study into their schedule. So it wopuld
seem that seniors engaged in activities requiring their continued
attention and decision-making, react more gquickly than t@eir less
active conteﬁporaries. This finding concurs with earlier
researchers (Spirduso, 1975, 1985; Spirduso &/Clifford, 1978) who
suggested thata those persons who continue to Gdemaﬁd of
themselves" maintain their abil}ity to challenge and achieve
psychpmotor goals. Eor females .after age 70, a slowing in

performance sﬁeed was observed with age consistent with that

found in the literature (Kalish, 1975; Kline & Szafran, 1975;

Rabbitt, 1977; Welford, 1978).

Descriptively speaking, males had consistently faster
correct reaction times than had females of the same age.
Statisticallg, the main effect for gender was ﬁignificant
((p<.001)(see Figure 7}). This latter finding contradicts the

earlier work by Salthouse and Somberg (1982) and Botwinick and

Page 105
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- v
Storandt (1967;1974)  who found the gender effect to Dbe

non-significant.
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Correct Reaction Times. for Gender X Block

The main effect for block was significant as all subjects
markedly improved their correct reaction times with practice
(p<.001). The Gender X Block interaction was also significant
(p<.025) such that the females made dramatically more improvement
than did the males, especially within the second block of trials
(according to a Scheffe post-hoc analysis). Initially, the mgles
exhibited markedly faster reaction times - than did the females
(p<.001). But the females continued to reduce their correct
reaction times with practice, while the males appeafed te stop
making any futther gains by the end of Eﬁe third block of trials.
Apparently, the females gained significantly more from practice

than did the males (p<.025}. An extrapolation of this Gender X
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Block interaction suggests that with practice females may
eventually become as fast as, or.faster than males in reacting to
the stimulus ‘onset. This 'supposition cannot  actually Se
confirmed within the sonstraints of the present study because
only - eight trials were completed by each subiect.
Notwithstanding the reduction in correct reaction times over the
four blocks of trials made by females, they were still slower in
reacting to the response stimulus than were the males (see Figure
7). Females expressed their apprehension in having to perform
the task to the experimenter far more often than did the males,

! )
although the exact number of persons who verbalized théir anxiety

.is not known. In retrospect, subjects should hdYe been asked how

they felt about participating in the experiment, and a notation
made of their perception, Pe;ﬁgés theif peféeived stress in
being a "subject" in a university 'e&periment rfduced their
,confidence in this novel situation. TT{S notion concurs with the.
suggestion made by Arenberg & Robertson-Tchabo (1977), that
testing situations sometimes push the elderly beyond their
capacity for gnxiet&, thereby reducing the%f ability to perform.
Although_ the élderly were encouraged . ﬁo ~participate and to
perform as best they could, perhaps more attention should have
been paid to assuaging  their fears about the tracometer. For
example, some subjects were highly suspicious about the outcome
of the test. They were sure that the results ‘were being
forwarded to the Ministry of Transport, and that their driver's
license would be revoked. Almost no amount of persuading would

convince them otherwise. For researchers and for educators the

testing situation is a very familiar one. But to someone who has
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not béen called d}on to perform in a long, and sometimes a very
long time, having one’s every move scrutinized can be enormously
stressful. Unless the researcher does not wish to include stress
as a. dependent variable by design, it should DBe carefully
controlled. Recall that the largest, between-gender difference in
correét reaction tiées occurred during the first block of trials.
It is then possible that a confidence-related effect on

performance may underlie some of the observed gender differences -

in performance speed.

With respect to their correct reaction time scores, the Type
A behavior subjects were not siginificantly (p;.l) slower thén
were their Type B contemporaries ,(s;e Table 5}). This
between-profile difference did not vary appreciably across blocks
of trials {p>.l), or with directional probability (p>.1). The
feharkap;e similafity between the correct reaction times of the
two cardiovascutar behavioral profiles is demonstrated ih Table

5. In addition to the non-significant main effect (p>.05), none

of the interactions involving cardiovascular behavicral profile

‘were significant. In earlier studies investigating the effects

of cardiovascular behavioral profile ongmotor performance, Type A
behaviof subjects generally consisted of hospitalizéed patients
with varying degrees of cardiovascular dysfunction (Bortner &
Rosgnman,.1967; Botwinick & Stofandt,'1974; Speith, 1965). These
subjects had then been matched with same-aged healthy volunteers,
comprising the Type B behavior group. Conceivably, the reasons
underlying the podrer performances of the Type A behavioq group

may have had more to do with their actual physical dysfunction -
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than with théir proposed personality profiles.
J

. Table 5

Mean Correct Reaction Times (msec)

for Type X Directional Probability ~
TYpe Directional Probability Level

1.00 0.75 0.50 0.25

A 404 468 489 501 ’
(sD) 11.4 11.5 11.6 10.2
B 384 444 467 486
(SD) . 5.8 6.1 6.2 6.8

Note: Type = Cardiovascular Behavioral Profile
(SD) = Standard Deviation

Concerning the decrements in motor performance associated
with cardiac dysfunction, Bortner and Rosenman (1967) and
Abrahams'and Birren_.(1973) predicted that subf%cts classified as
having a Type__A behavior would have slower reaction times than
would the Tyﬁe B behavior subjects. These investigators
concluded that this difference would exist even-in the absence of
the.overt physical manifestations of the cardiac dysfunction,
such that, "...pefhaps psychomotor\slowing existea prior to the
acute onset of CHD [Coronary Heart isease] and may be the
consequence of psychobiological ; ntecedents t& the disease"
(Abrahams & Birren, 1973, p.478). \En light of the huge disparity
between the findings of these earl?vresearchérs and those of the
present study, one has to wonder jugf how physically healthy the
subjects in the -earlier Type AI behavior groups were. That

Abrahams and Birren (1973, p.478) used the phrase, "...prior to

(

«'l:; >
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the acute onset of CHD...", may have allowed for the inclusion of
squects suffering from hypertension or’ subclinical oxygen
insufficiency, prior to their being diagnosed as cardiac
patients. Similarly, if the groups were not as behaviorally
distinct in the present study as they have'been in the past,
perhaps the nonconcurrence with the experimental findings
reported by these ‘earlier studies (Abrahams & Birren, 1967,‘1973;
Bortner & Rosenman, 1967; Speith, 1965), could be more easily
explained. «That 1is to say, perhaps the subjects comprising
earlier Type A profile groups may have been further along the
scale as a Type A (ACCELERATED), and the Type B profile groups
further along in the opposite direction on the scale, towards the
Type B behavior {(BRAKES), than the subjects identified in the
present experiment. However, the subjects were by no means
"clustered together" on the cardiovascular profile scale,_ahd the
performance of the two behavig;;lly profiled groups was so
remarkably similar on all of the measures in the presantlstudy,
that this latter argument seems improbable. The strict adherence
to selecting healthy subjects in phe present experiment may have
controlled for the inflation of the Type A behavior influence by
screening out subjecténwith both chronic and acute cardiovascul

and cerebrovascular dysfunction. It may also be conjectured that
the distinction between thesé two behavioral profiles diss{pates
with age, except that the Type X Age interaction was
non-significant on performance -speed measures (p>.1). Perhaps
the identification of persons predisposed to cardiovascular
disease by their responses to the Jenkins Activity Survey is not

as reliable for seniors,  who respond in retrospect to some of the
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questionsk)as it is for ybunger persons who respond to;situations
ih which they are curreptly involved. For whatever reason,
subject categorization by cardiovascular behavioral profile did
not appear toc be a valid prediﬁto; of .motor performance  speed,’
and as will \be\\discussed later, response accuracy, inlﬁhis
experiment for healthy méles and females aged 55 to 84 yeéfégm
Evidently more research is necessary to isclate the exact origi;s

of the alleged cardiac-related limitations on motor performanceﬁ

L

The main effect of directional probability on correct
reacthn time was significant (p<.001), such that subjects
exhibited.longer correct reaction times with decreasing levels of
directional probability. For example, on the 1.00, 0.75, 0.50,
and 0.25 levels of directional probability the mean correct
reaction time scores averaged across age, gender, qardigvasculér
behavioral profile, and blocks, rose from 453, to 509, to 526, to
531 msec respectively. A more complete breakdown of the ange
in correct reactioh time with directional probability is
presented in Table 22 1in Appen ix D. The univariate Block X
Complexity interaction was also significant (p<.001). Subjects
not only improved their performance with practice, but that they
improved more on the more predictable level of 1.00, than they
did on the 1less predictable level of 0.50. Contrary to the
previous findings of investigators examining the relationship
between age, reaction time, ‘and changes in target certainty
(Birren, Riegel & orrison, 1962; Welford, 1977), the older

subjects in the preseqt study incurred only insignificant (p>.1)

increases in reaction time with decreasing levels of directional
+
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probability moreso than did the younger subggghs.

As eluded to by Price, Fein and Feinberg (1980), a ‘very
different pictufe'_a£~mage and motor performance develops when
seniors are used as their own frame of reference, rather than
when young universlty students are used. Perhaps the age
differences in motor performance in general, reaction time
specifiéally, _are more subtle than were previously thought.
Perhéps the lifestyle demands }hat the performer places upon
himself or herself are more of a determinant of the cognitive
abilityato respond quickly, than is the age of the respondent
alone. This would certainly supporEN\the physical activity
research, which suggests that people “age“'iat different rates
according to their level of physical fitness (Rabbitt, 1982;
ﬁpirduso, 1975, 1985; Spirduso & Clifford, 1978). The question
of whether theseﬂhemands have a similar maintenance, or practice

effect on the execution of the task will now be pursued through

the presentation of non-overshoot movement time data.

Non-Qvershoot Movemgnt Time

X .
] // J

Generally, young%r subjects had faster movement times thi?

did older subjects, gﬂd males were faster than were females. A
summary of this multivariate analysis of variance with' repeated
measures has already been presented in Table 1 (see also Appendix
B). The main effect for age was statistically significant
(p<7001), such that younger subjEEEE\\gif?rally had faster
non-gvershoot movement times than their older counterparts (see

Table 6). Changes in the mean non-overshoot movement time scores

/
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with age were similar to those found in correct reaction time
scores. Significant slowing in movement speed was observed
N between the 60 to 69 year age groups and the 70 to ?9 year age
groups (p<.05). As before, the Commissionaires in the 75 to 79
year age group appeared to bias their age group, non—oyershoot
movement time mean sufficiently to demonstrate an improvement
over the mean score of the males in the 70 to 74 year age group.
Descriétively speaking, the females increased their non-overshoot

~,

movement times consistently with ajé. Unlike reaction time means
ne "pseudo-plateau” between the mean movement times Af females in
their sixties was observed. This suggests that although the 65
'tg 69 vyear old feméle "Volunteers“ had faster correct reaction
times than the less active 60 to 64 year olds, the stimulation
the "Volunﬁqers" derived from their activity did not seem to
influence the movement execution speed of their motor
performance. The motor performance of the Commissionaires and of
the Volunteers is brought to the attention éf the reader as a
depiction of the influence of active lifestyles rather than it is

of the Age X Gender interaction.

-

Irrespective of age, males had significantly faster
non-overshoot movement times than did females, regardless of the

,ﬁ\movement amplitudé, and across all four blocks of trials
:

(p<.025). Both genders significéhtly improved their

non-overshoot movement times over blocks of trials (p<.001).

-’
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Table 6

Mean Non-Overshoot Movement Times (msec)
for Gender X Age

Gender . &Age Group

55-59 60-64. 65-69 70-74 75-79 B80-84
Female ™ 998 1179 1361 1475 1624 1714 -
(sD) 20.8 27.4 36.5 38.3 69.8 44.7
Male 945 969 1035 1268 1236 1453
{SD) 24.7 20.8 28.3 34.4 34.7 39.7

Note: (SD) = Standard Deviation

Once again, the largest difference between the two genders
occurred during the first block of trials, when subjects are
thought to be familiarizing themselves with the particulars of
the task. Again the females made significantly more improvement
after the first block of trials than did the males {p<.025) in a

manner similar to the observed changes in correct reaction time
A Y ‘ rect reacti

scores across blocks. Even though females made improvements
twice that of the males,vthis continued improvement in the third
and fourth blocks was statistically non-significant according to
the Scheffe post-hoc analysis ((p>.05)(see Table 7)). As with
correct reaction time, this significant Gender X Block
interaction (p<.025), suggests‘ that with more practice the
females may eventually increase their ﬁovement speed to that of

the males.
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Table 7

Mean Non-Overshoot Movement Times (msec) for Gender X Block

Gender Ages ' Block
k 1 2 3 4
Female (55-74) 1542 1392 1332 1301
(sD) 45.7 39.9 31.7 31.7
Male {55-74) 1210 . 1147 1131 1116
{SD) 29.7 27.6 26.8 27.5
. Female (55-84) 1378 1241 1211 1183
(SD) 41.1 33.0 30.6 30.8
Male {55-84) 1119 1050 1029 1019
{sSDh) 30.6 28.5 27.7 29.6

Note: (SD) = Standard Deviation

However, it is difficult to p;edi&ﬁ whether,.or indeed when,
females might actually match Qr‘éurpass males on either measures
of reaction time or moyemént time. Without wishing to
underestimate the significance of the Gender X Block interaction
on performance speed, it must be realized that, in time,
regardless of their gender, subjects discontinue improving on the
task because of boredom and/or physical fatigue. Recall that in
earlier investigations of gender differences on moEdr-é;;formance
tasks no Gender X Block interaction was recorded (Botwinick &
Storandt, 1967, 1974; Noble et al., 1964; Salthouse & Somberg,
1982). 1In addition, gender effects were thought to be associated
with decision-making moreso than with execution (Botwinick &
Thompson, 1966; Welford, 1980). Perhaps the initial novelty of
the task exacerbated gender-differences on performance speed

measures. Since significant gender effects were observed in both

the reaction time and the movement time measures, particularly
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within the first block of trials, more research into
gender-related decrements in motor performance appears necessary
% int .

to help identify, and perhaps explain their occurence.

Non-overshoot movement times increased significantly with
increases in the movement amplitude to be covered (p<.001)
consistent with earlier tracometer use (Buck et al, 1981}).
Post-hoc analysis detected that subjects over 65 years of age had
disproportionately longer non-overshoot movement times on the

longer distances (p<.05) than did their younger counterparts (see

Table 8}.
Table 8
Mean Non-Overshoot Movement Times (msec)
for All Ages X Movement Amplitude
_________________________________________________ | S
Age . Movement Amplitude (mm)

11 82 123 164
A ———————
55-59 690 873 1075 1249
{SD) 12.9 17.5 23.7 30.8
60-64 764 964 1182 1384
{SD) 16.6 21.3 24.3 35.6
65-69 841 1088 1320 1544
(sD) 23.9 34.4 45.8 51.1
70-74 966 1249 1509 1762
(5D) 25.6 34.8 45.7 52.7
75-79 - 1023 1315 1569 1814

--(SD) 46.8 - 66.8 75.7 98.1
80-84 1170 1474 1747 1942
{SD) 40.9 50.5 56.4 - 59.9

Note: {(SD}) = Standard Deviation -
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At first glance, the cardiovascular Type A behavior subjects

appeared to have repeatedly shorter non-overshoot movement times
than the Type B behavior subjects. The differencé between . these
two profiles did not change appreciably with increasing movement
amplitude and at n&? time was the difference . between
cardiovascular behaviéral profiles statistically significant
(p).Oé). An example of -their similarity and the extent to which
movement speed varied directly  with movement’ ampiitude is

represented in Table 9.

Table 9

Mean Non-Overshoot Movement Times (msec)
for Type X Movement Amplitude

e

Type Movement Amplitude (mm) s
41 82 123 164 [/

A 809 1034 1253 1476

(SD) 16.7 21.3 27.7 34.6

B 821 1053 1290 1494

(SD}) 16.4 24.0 29.8 "34.0

Note: Type = Cardiovascular Behavioral Profile
(sD) = Standard Deviation

+

Significantly more improvement in movement speed was made on
the longer movement amplitudes, 123 and 164mm, than on the

shorter between-target movements, 41 and 82mm (p<.05). Although

™

subjects improved steadily acréss blocks, significantly @ore
improvement in movement speed was made dﬁring the second block\of
trials (p<.05) than during the last block of trials (see Table
10). Both of these latter compérisons were performed using

Scheffe post-hoc analyses.
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Tfable 10

Mean Non-Overshoot Movement Times (msec)
for Block X Movement Amplitude

Block Movement Amplitude (mm)
41 82 123 164 .
1 960 1253 1534 1757
{5D) 32.1 44.2 54.4 62.4
2 911 1163 1388 - 1617
{SD) 30.1 40.3 45.5 55.4
3 , 890 1132 1358 1546
(SD) 26.3 35.4 37.4 43.5
4 874 1095 1322 1543
(SD) 25.9 31.4 38.2 46.2

Note: (8D} = Standard Deviation

Having presented the data pertaining to performance eed
measure§ those measures concerned with performance accuracy will

now be presented.

Performance Accuracy Measures -

Subjecté of all ages, 55 to 84 years, displayed a degree of
movement accuracy consiétent with that of the earlier literature
pertaining to cautiousness (Birren, .Woods, & Williams, 1980;
Bosser, 1982; Botwinick, 1978). For example, there was an
exceptionally large number, 604 of a_possibié 960 subject-trial
cases (120 subjects X 8 trials), for which there was no overshoot
movement time score. The absence of these scores precluded any
meaningful presentation or analysis of this movement time
méasure. The prevalence of the completed trials with no movement

overshoots suggests that seniors in this study were able to
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achieve accuracy in their movements. Whethef or not the subjects
in the present study were exercisingqcaution, and actually traded
speed for accuracy is not readily discernable. Instead, through
the examination of both performance speed and accuracy variables,
one may only tentatively interpret their tacit intentions.”, To be
certain of a trade off, subjects would have to have been
questioned as to whether they had been sacrificing speed for
accuracy, oOr vice-versa, at the time of their testiné. Their
recollection of the task and of their performance would probably
then have been the most vivid. The infrequency (356 cases) with
Jhich movement overshoots occurred indirectly attests to the
accuracy of the performances by these subjects. Two more direct
measures of perﬁormance accuracy assessed in the present study

include the error rate and the overshoot rate.

Error Rate

When examining the mezasures of performance accuracy, error
rate and overshoot rate observations were measured on a nominal
scale, and -?Haxefore, parametric statistical procedures were
considered inappropriate. The error data was transformed to
nominal values and averaged across probability levels and across
blocké of trials. From this data the medihq\iifre of 26.4%
errors was established. 1In the Chi-Squared analysis any score
less than the respective median was'considered a low score. Any
rate greater than the respective median was considered. a high

. score. This qnalfﬁis detected that those subjects aged 55 to 59,

65 to 69, and 75 to 79 years of age, did not differ significantly

»
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in response accyracy {p>.05); and subjects aged 60 to 64, 70 to
74, and 80 to 84 yéars were not dissimilar in their error rates
(p>.05). As determined by the Chinsquaréd analysis: (1) the
first, third, and fifth age groups madgA}significantly fewer
errors than the second, fourth, and sixth ége.groups {p<.05); (2)
that at no age was”the difference in error rates between genders
statistically significant (p>.05); and (3) the difference in

error rates between the cardiovascular behavioral profiles was

not statistically significant (p>.05).

Table 11

Percentage of Errors for Gender X Age

Gender ' Age Groups .
55-59 60-64 65-69 70-74 75-79 80-84 Mean

' Female 22,5 27.6 20.9 28.4 26.9 30.3 26.1
(SD) 17.7 17.0 15.8 18.7 16.6 16.3
Male 24.9 27.2 © 30.2 27.3 26.0 31.4 27.8
(SD) 16.5 18.8 20.3 15.2 17.0 17.6
(MEAN) (23.7) (27.4) (25.6) (27.9) (26.5) (30.9) (27.0)

The youngest subjects generally committed fewer errors
(mean=23.7%)7 than did the ocldest subjects ((mean=30.9%)(see Table
11)). That error rate increased with age supports the earlier
'work on age and the commission of errors (Farkas & Hoyer, 1980;
Hartley, Harker & Walsh, 1980; Rabbitt, 1977; Rabbitt & Birren,

1967). Perhaps the non-illuminated lights on the display,
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occassional voices in the hallway, or outside traffic noises
distracted Fhe older performers in the present study. Combined
with their slower rate of processing visual stimuli, and greater
dependence ‘on anticipation of stimulus infogmﬁzidn, performaéce
accuracy was expected to' decrease -with age. An age-related
decrease in accuracy was evident in the present study only until
the seventie ,’/after which subjects improved their movement
accuracy. i&% notion tha£ the elderly are slower and less
accurate than their younger counterparts is not new. calhoun ahd
Hutchison (1981), Herrick (1983), and McPherson (1983), all
reported that in response to performance speed. decrements, the
elderly often employ compensatory strategies such as caution and-
anticipation. As suggested by the reviey of literature,
"cautiousness is now interpreted as a deliperqte adaptation to
neuro-biological changes. One ﬁight conclude that whiig those in
_their seventies seem -to be successful at reducing their error
rates,; subjects in their eighties, perhaps because of their

alleged increased dependence on anticipation of the target

location, should make more errors than should their younger

counterparts.

Although the gender effect was not significant, it_.was
interesting to note that overall male subjects committed more
errors (mean=27.8%) than did female subjects (mean=26.1%). 'This
similarity in genég accuracy supports the earlier work by
Salthouse and Somberg {1982) and Botwinick and Storandt (1974)

who suggested that the difference in performance accuracy between

~males and females would be non-significant. However, the results
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B
of these earlier studies indicated that females would make more

»

errors than woul@ males. Possible explanations for this apparent
'laék of congruence with the previous literatue could be: (i) the
igender of the experimenter-iﬁ each of_;ﬁe studies. "Subjects, in
particular females, have been reported to perform better when a
same—sexzexperimenter has conducteé the test (Williams, 1977;
1979); and (2) the "Volunteers". - The largest between-gender
difference in errbr rate occurred in the 65 to 69 year age groups
(see-TaSIe 11). The performance accuracy displayed by the female
"yoMunteers" in this age group was superior to that of all of the
other age groups in this study, regardless of gender and is
largely responsible for the observed differences in mean \i;for
rate between genders. Table 11 represents‘the apéar
relationship between age, gender, and error rate found in the
present study. Recall that no statistical measure was employed
to assess the influence of an Age X ‘Gender interaction. This
_unusual trend may gartially be a function of the lifestyles of
_some of the subjects, as described earlier. One might suspect
that the mean error rate averaged across blocks of trials and
levels of directional probabli{y. for subjects in the 65 to 69
year age group might have been significantly higher (mean

\gxx‘zﬁ-gbggox.-27.7%) had the female "Volunteers" in the group not been

s0 accurate.

/
From a descriptive viewpoint, that fem?les in the 75 to 79
yéar age group had error rates smaller than females in their
sixties suggests that these seventy year old females have

attempted and successfully achieved greater accuracy in spite of
\
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their age. Combined with the smaller error rates of the "~male
Commissionaires in this afje group, the mean error rate for the 75
to 79 year age group was smaller than that of subjects five years

S
younger. That these older subjects were more accurate yet slower

than their younger counterparts (see Tables 4, 7, and 11),
suggests that .speed may have been sacrificed in anreffort to
achieve this accuracy. Yet the success enjoyed by the 75 to 79
year old subjects in movement accuracy is not shared by their
older counterparts. éoth males and females in the 80 to 84 year
;ge group appeared to bé less efficient than subjects in any of
the other age groups, such that the 80 to 84 year olds not only
had the slowest'pefformance speéd scores but they also incurred
the highest error rates of all of the subjects. If, as the
li;erature. suggests, that 'with age one attempts to achieve
greater accufacy even ag the expense'of speed, the 80 to B84 year
old subjects in the present study seemed less able to achieve
this mandate than were the\males';hd the females in the 75 to 79

year old age grpup.

The Chi-Squared test perfdrmed on ‘the error sccre data
revealed that the difference between the accuraéy—displgyed by
the two cardiovascular behavioral profiles was mnot significant
(p>.05). This result is co?grugus with the other measures of
performance analyzed in the prdsent study, but it refutes the
finding of Speith (1965), and \of Abrahams and Birren (1973) who
ieported that Type A behavior subjects would make significantly

more erfgg; than\would Type B}?ehavior subjects. Differences in

error rates did oc%iigiififfﬁy@;/ Por .example,- differences in
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error rate averagéd across age groups, gender, and cardiovascular
behavioral pr?file, however minimal, were observed between the ~
four blocks of trials (see Tablé 12), and between the four
probability levels (see Table 13). As was mentioned in the
presentation of the design and analysis, problems with violations
of the homoscedasticity or independence pf observations, vunequal
and sometimes empty cells precluded the statistical analysis of
error rate acrogs blocks of .trials or adross levels  of

probability respectivély.

It is neither the author’s intention to undermine the
importance of these statistical . considerations, nor -to
overestimate the significance of these observations. However, as
suggested by Pachella (1974), small differences in accuracy may
reflect large differences in the subject’s intéktions. Changes
in accuracy rates across blocks and direcfional probability are
‘described for the reader simply to illustrate the similarity
between the patterns of performanc% accuracy found in the present
‘study and those fouﬁd in earlier research. The mean error rates
for all six age groups declined from 29.2% in block 1, to 27.4%
in block 2, to 26.5% in block 3, to 26.1% in block 4. This would
seem to indicate that overali, subjects were capable of at least

minimally improving their performance accuracy with practice.
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The mean error rate data shoWws that males made more errors

than did females across gll fou blocks of trials although the

error rates for each gender wegre virtually identical in the first

two blocks (see Table 12}. S@al; gender differences appearedgln
the third and fourtipblock, with the lsrgest cf these minor
differences occurring in the last block. 1In addition, the mean
error rates for the four youngest age groups, found on Table 12,
and those for all six age groups, quoted 9b;ve in the text are
very similar. Apparently, all of the subjects regardless of age
or gender learned to reduce the number of errors they committed
with practice and with increases in directional probability.
Both of these observations concur with earlier research designs
which used the numbér of errors committed as a measure of
performance accuracy (Rabbitt & Birren, 1967; Rabbitt & Rogers,
1977). To illustrate the ability of subjects to use directional
probability to reduce their error rates across blocks of'triais,
Tabie 23, found in Appendix F, was constructed. The exceptions
to this improvement with practice occur on both the easiest or
most probable, and on the hérdest or least probable, levels of
directional probability where error rates are somewhat erratic.
Chi-squared analysis revealed no significant difference between
the performance accuracy of the cardiovascular behavioral
profiles (p>.05i. Their similarity in terms of error rate across

levels of directional probability are displayed in Table 13.
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Percentage of Errors for Gender X Block
(Ages 55 to 74)
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Gender Block
1 2 3 4
________ e
Female 28.8 26.7 25.0 24.9
D) 1.7 1.7 1.8 1.7
Mdle 29.0 27.6 28.0 26.7
{SD) 1.7 1.6 1.9 1.9 .~ - ;
Note (sD) = Standard Deviation
Table 13
Percentage of Errors for Type .
X Directional Probability N
e ———— e
Type Directional Probability *
1.00 0.75 0.50 0.25
A 3.0 15.8 36.4 51.3
(SD) 3.6 6.7 9.5 15.3
B 3.0 15.5 36.1 51.0
{sD) 3.0 7.2 9.6 15.2
-~
Note Type = Cardiovascular Behavioral Profile

{SD) = Standard Deviation-
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Overshoot Rate

Just as error rate illustrates the frequency with .which
subjects "start off in the wrong direction", overshoot rate
accouﬁts for -the number of times subjects pass over the far side
of the target they are attempting to align with the pointer {see
Figure 3). Just as correct reaction time and error rate vary
with directional probability, overshoot rate wvaries with the

dimension of boundary distance {Buck, 1982; Buck, et al., 1981).

While the number of overshoots can be determined wusing thé
tracometer, the actual point in time when the correction was
initiated cannot. Descriptively speaking, and as represented by
Table 14, changes in overshoot rate with age and with.gender were
erratic. Females made fewer overshoots than did males until age
70, afzz? which, females made more overshoots than their male
counterparts. By age 80 the two genders are virtually equal in
tﬁ;__number of overshoots they incurred. Females also made more
overshoots with increasing age, until 70 vyears of age, after
which their overshoot rates reduced with age.k‘The data for males
denotes an erratic relationshig between age and overshoot rate
(see Table 14). Overshooﬁé/ were measured on a nominal scale,
The overshoot data for each subject_;és averaged across blocks of
trimls, and across boundary distahces and then submitted to a
sgries of Chi-Squared Tests. The resultdy of these tests
demonstrated significdht differénces between age groups (p<.05),

but not between genders (p>.05), or between .cardiovascular

behavioral profiles (p>.05).



Page 128

Tablé 14

Percentage of Overshoots for Gender X Age

i
Gender, Age Groups

- 55-59 60-64 65-69 70-74 75-79 80-84 (Mean)
__________ e s o e e
Female 22.5 22.7 23.2 27.4 26.4 25.0 24.5
(SD) 1.2 1.2 1.0, 1.5 1.3 1.4
Male 25.2 23.3 32.0 26.6 21.6 25.4 25.7
(SD) 1.3 1.5 1.6 1.5 1.6 1.4
{Mean) (23.9) (23.1) (27.6) (26.8) (24.2

Note: (SD) = Standard Deviation .

Once again the performance of the 65 to 69 year old female
*volunteers", and the 75 éo 79 year old male Commissionaires was
superior to that of their respective contemporaries. That
females were found to be more accurate than males opposes the
results of garlier gender—-accuracy research {Botwinick &
Storandt, 1874; Salthouse & Somberg, 1982). That gender
differences did not dissipate with practice (see Table 23, found
in .Appendix F) is consistent with earlier researchers (Botwinick
&« Thompson, 1966; Noble et al., 1966; Welford, 1980). The
largest differences in overshoot rate between the genders of the
same age occurred between th; 65 to 69 year olds, where the
active female "vVolunteers" made fewer overshoots or movement
inaccuracies than did their less active male contemporaries. As
with non-overshoot movement time, the apparently superior

performance of these femalessgn movement control measures was not
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enough to significaﬁfly offset the effects of aging. Conversely,
the overshoot rates achieved by the male Commissionaires did
significantl§ {p<.05) alter éhe mean score for both genders in
the 75 to 79 year age group reaffirming the notion that continued
decision making and use of attentional abilities helps to
maintain motor perfd?ﬁance speed and accuracy. The Law of Disuse -
may also indirectly help to explain why the males in the 65 to 69
year group made so many errors and overshoots. . Perﬁaps the
stress of retirement, coﬁbined with the disengagement from
. activities requiring their continued attention and utilizationsof
time restricted decision-making abilities, resulted in
preservation of their performance speed at the expensé of their
accuracy. The decline in overshoot rate between the 70 to 74
yeér aée group and the 75 to 79 year age group again draws
attention to the 1likelihood that the more elde;ly subject is
attempting to be accurate. Unlike error rate, subjects in the 80
to 84 year age Lgroup were able to maintain overshoot rates
similar to those subjectf ten years younger. It might then be
surmized that the increase in mean error an overshoot rates
between the seventy- and the eighty-year old subjects may have
more to do with the superior performance of the very active 75 to
‘79 year olds than with the inferior performance of the more
sedéte 80 to B4 year olds. Perhaps the erratic change in the
generation rate of reéponse inaccuracies with age observed in the
present study is an important link in explaining why some
researchers have found a significant difference 1in response
accuracy with age, and some have not. Consequently, the observed

vacillation of error rate, and overshoot rate with age supports

_/
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the wutility of grouping subjects by small age spans when
hgssessing the motor abilities of the eiderly and the- delineation
of subjects on the basis of their active versus inactive
lifestyle. This vacilation in performance accuracy measures also
seems to support Welford’s (1979)';bntention-that aging may have
a more detrimental effect on the cognitive aspect of movement
accuracy, as depicted by changes in error rate, than it does on
the execution of the movement, as pgprégented by changes in the

overshoot rate.

Similar to the learning effect observed in error rates,
subjects reduced their mean overshoot rates across the four
blocks of trials. The difference betwen the mean overshoot rate
of males (25.7%) and that of females (24.5%) was not significant
(see Tables 14 & 15). The largest difference between mean gender
overshoot rates appeared in the first block of trials where the
task was still relativelf’ novel for each group. It is
interesting that _in the first block of tfi;ls males had
significantly faster correct reaction times (p<.00L1) and
non-overshoot movement times (p<.001) than did females. During
;he same period, the error rates and the overshoot rates ofq each
‘gender were not significantly different (p>.05). Hadq the
betweén-gender differences in accuracy measures been significant
there might be justification to suggest that the overall
performance of the males parallels that of subjecté who sacrifice
accuracy for speed. This would be particularly appfopriate for

novel situations where self-confidence 1is often reflected in

performance. As has been described earlier, on all of the
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measures taken in this stud;\\ghe largest. betweeﬁ gender
differences seem \to' occur during -the initial block of'trials
where subjects begin tb become familiar with the task. Males are
thought to be more confident thak\g e females (Williams: 1977;
19793, Eence, males may have been less aﬁxious whén first faced
with the pursuit tracking task. While most &f the males had
driven motor vehicles (cars, tractors, etc.) several of the older
females had no prior driving experience. So initially, during
the first few trials the steering'aspect of the tracometer may
have seemed more familiar to the ﬁales than it did to a number of
the females. In retrosbect, noting the exact number oﬁ\those who
had never driven a motor vehicle may have beeﬁ“)of use in
explaining the results concerning gender differences. Having an

indirect steering mechanism did not make the task quite as novel

for both genders as was anticipated. -

Table 15

Percentage of Overshoots for Gender X Block
\_-@

Gender Block
1 2 3 4 —
Female ™ 25.5 24.6 23.8 24.4
(SD) 1.1 1.0 1.1 1.1
Male 30.1 25.5 23.5 23.6
(SD) 1.4 1.2 1.1 1.2
(Mean) o (27.7) (24.9) (24.1) (23.9)
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In a duplication of their error rates, and ‘'as predicted,
" Type A subjects made more overshoots than did their Type B
contemporaries'(sée Table 16}. Again .Chi—squared. analysié - of
this profile-related difference in performance accuracy proved to
be non-significant (p>.05). From a descriptive point of vigw,
the 1incidence of overshoots varied with boundary distance,
consistent with the earlier findings of Buck (1976}. These
noteworthy. changes in:bvershoot rate with boundary distance will
be presehted. As before, descriptive . observations are made
merely to draw a parallel betyeen the findings of the present

study and those of earlier researchers concerned with aging and

the effe™s of practice and confidence on task execution.

Table 16

Percentage of Overshoots for Type
X Boundary Distance

Type Boundary Distance
1 2 3 4
A 14.2 22.0 29.4 - 36.3
(SD) 2 1.0 1.1 1.3 1:4
B 14.0 21.6 28.7 34.9
(SD) : 1.0 1 ' 1.3 1.6
{Mean) (14.1) (21.8) {29.1) (35.6)

Note: Type = Cardiovascular Behavioral Profile
(SD) = Standard Deviation

N
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Adaptation to Response Errors

s

To examine the édaptation%:made by subjects to response
errors, reaction times were categorized according to whether the
previcus response waé c?rrect {without error) or incorre'ct (with
error}. For a summary of the results conﬁerned with adéptations
made to reaction—Eimes following a response error consult Table
17. This anai&sis revealed significant differences for age
(p<.001), merely replicating those found for correct reaction
times discussed earlier. While the reaction times did differ
significantly among age groups (p<.00l) it was not due to the
~correctness of the previous response. Neéither the Age X Previous
Response Correctness (p>.l), nor the Age X Block 1interactions
were significant (p>.1). Consequently, older subjécts did not
slow their respénses signiéiiizply more than, or fofﬂ-a longer
period of time after an error than did the younger subjects in
the present study contrary to the results® of earlier research
(Rabbitt & Vyas, 1970; Welford, 1980). Based upon this finding
it may be suggested that older subjects were no less adroit at
recovering from the commission of an error than were younger
subjects. By virtue of the physiological and visugl restrictions
imposed upon subject selection, the subjects in the present study
were perhaps more "healthy" than those subjects in Rabbitt &
vyas’ (1970) study. Hence, good health may be a better indicator

-

of functional ability than chronological age alone.
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Table 17

Mean Correct Reaction Times {msec) Following An Error
For Age X Directional Probapility

Age Previous Directional Probability\\,
Response 0.75 0.50 0.25
55-59 Correct 4 403 . 413 449
Incorrect ‘ 337 403 433 444
e ) —— .
60-64 Correct 383 442 457 494
' Incorrect 380 445 481 479
65-69 Correct . 387 445 473 491
Incorrect « 384 451 x 483 504
—
70-74 Correct 466 - 530 544 541
Incorrect 470 540 541 556
75-79 Correct ‘ 522 563 572 596
Incorrect 515 573 562 614
80-84 Correct C 627 . . 670 660 614
Incorrect 615 665 606 678,

Although females appeéred to slow their reaction times
following an incorrect response {mean=478 mseg¢) moreso than did
males (mean=431 msec), this difference was statistically
non-significant (p>.1l). Rabbitt (1979), and Rabbitt and Rogers
{1977) suggest that after detecting an error subjects slow their
subsequent responses to a speed with which they feel comfortable,
where they are confident that accurééy is more probable. If, as
has been suggested- . that females have lower self-confidence to
begin with (Williams, 1977; 1979}, then making mistakes should

potentially have been more grave, or of more consequence to
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femalgs—than it was to males. . Hence, .females were expected to
_ i

slow their subsequent responses more than were males. This

"over-reactjon” to response errors could not be supported in the

present study.

|

Table 18 [

Mean Correct Reaction Times (msec) Following An Error
For Gender X Directional Probability '

Previous Gender Directional Probability
Response 1.00 0.75 0.50 . 0.25¢
L4

Correct Female 413 478 495 515 .

(SD) 9.8 9.8 9.5 10.3
Male 376 432 ° 449 472

{sD) 7.3 7.9 B.1L 7.3

Incorrect Female 415 481 517 526

{SD) : 12.1 11.5 21.3 13.9
Male 371 439 455 471

(SD) 7.8 9.7 11.7 11.6

»

Similarly, the Type A behavior profile did not slow \their

reaction times following an incorrect response (mean=468/msec)

significantly (p>.l1) moreso than did the Type B behavior/ profile

((mean=445 msec)(see Table 19)). Had the incidence of % rors ang
overshoots been significantly different between these two
profiles, perhaps their reaétion times following a res;onse error
might also have been more diverse. To date, none of Fthe
literature reviewed has discussed the influence of either gender

or cardiovascular behavioral profile on the reaction times of

responses following an error, So observations concerning the
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influeﬁce of these two iné&pendent variables on the ability to
adapt to, or recover from response errors are believed to be

unique.

Table 19

Mean Correct Reactign Times (msec) Following An Error
For Type-X Directional Probability
? ‘ i
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Type ' Directional Probability
/ 1.00 0.75 0.50 0.25
1". :
A 404 (470 493 506
(SD) 12.1 12.2 15.5 16.2
B 383 445 . 464 486
(SD) . 6.0 6.7 8.5 10.1"*

Note: Type = Cardiovascular Behavioral Profile
(SD) = Standard Deviation - —

All of the subjects reducéd their correct reactiep"tipes
significantly across blocks of trials regardless of the accuraty
of the previous response {p<.00l). According to the :univarﬁsie
ANOVA -performed, reaction times of responses following a correct
response were not significantly faster, than for responses
following incorrect responses (p>.l). In addition, reaction

times for incorrect responses were observed to be faster than for

correct responses at the same probability level if the
correctness of the previous response was the same {see Table 20).
Evidently subjects ET& follow the predicted cyclical pattern of
responding by systematically increasing their reaction times

after having made an error on the previous response. However,
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Ay

the significance of the previous response correctness on

subsequent reaction time was far leg® than what was predicted by
. R

earlidr researchers (Rabbitt, 1979; Rabbitt & Rogers, 1977;

Rabbitt & vyas, 1970; Welford, 1980).
*

e
! An increase in the F-value associated with thﬁ/influence of
. _
1

L N .
the previous response correctness on subsequepé reaction times

was observed across probability levels (see'Ta es 18 & 19). Not
all of the four probability levels could ba,an;;)ied because of
the absence of data in some of the 0.50 ané' 0.25 1level cells.
Thg absenced .of data may be a resuiy'of subjects intentionally
. sld&ing their responses to ensuré accuracy on these les;
predictable, hence, -more difficult alignments. At the '1.00
probability level whe;e di{fctional ‘probability is most
pr%dictable, the influence that the.previous response correctness
has on subsequent reaction times was F=0.03 (df;ilﬁd). This same
effect was estimated to be F=3.49 (df=1,64) at the 0.75 level of
directional probability. The reader must again be cautioned that
neither of‘these F-values is significant (p>.1). But the change

_with increésing targef location uncertainty‘ is noteworthy, and
:aises‘ the questionk as to whether the influence of previous
résponge correctness may become statistically significant on less
probable, 0.50 or 0.25, levels of the task. This possibility may
account for the discrepancies between the results of the present
study - .and those of earlier error research concerned with
adaptations in reaction times following response errors. Rabbitt
(1979), Rabbitt and Rogers (1977), and Rabbitt and Vyas (1970}

all used choice reaction time tasks where directional probability
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was less certain thaﬁ the 1.00 and 0.5 probability levels
available for analysis iﬁ the -present study, and the bresent
study indicated a greater likelihood for the influence of the
previous response correctness to be significanﬁ with increasing
target uncertainty. Perhaps the results of the present study and
those previously acquired through research are not —~so disimilar
~after all, but are merely indicative ofjvarying degrees of the

same issue.

Table 20

Mean Reaction Times (msec) for Correct and Incorrect
Responses X Directional Probability

e e e e e ) e e ) o e B et b S it i S o S do o S

Previous Present Directional Probability
Response Response 1.00 0.75 0.50 0.25
Correct Correct 478 531 549 580-
(SD}) 9.5 9.2 10.4 11.0
Correct Incorrect 390 491 496 475
(5D) 12.0 11.5 15.6 17.2
Incorrect Correct - 470 557 587 601
(SD) ‘ 11.0 10.5 2.0 10.3
Incorrect Incorrect 515 537 543 501
{SD) 13.2 12.9 15.1 13.0

" Note: (8SD) = Standard Deviation
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CHAPTER FIVE

Summary, Conclusions and Recommendations

Summary

The purpose of this study was to examine the performance of
healthy seniors on a step-input pursuit tracking task in order to
achieve a better understanding of the relative contributions age,
gender, aﬁd cardiovascular behavioral profile make to the speed

and accuracy of psychomotor responses. The hypotheses tested in

this study were

¥

Related to Performance Speed:

(1) Younger subjects are significantly faster in performance

speed measures than are older subjects.

(2) Male subjects are significantly faster in Qérformance

speed measures than are female subjects.

(3) Type B subjects are significantly faster in performance

speed measures than are Type A subjects.

Related to Performance Accuracy:

{4) Younger subjects are significantly more accurate

than are older subjects.

(5) Male subjects are significantly more accurate than

are females subjects.

5

(6) Type B subjigtg’ire significantly more accurate than

are Type A subjects.
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Related to Adaptation to Response Errors:

(7) Correct reaction times immediately following a
response error are significantly faster for younger

subjects than for older subjects.

(8) Correct reaction times immediately following a
response error are significantly faster for male

.subjects than for female subjects.

(@) Correct reaction times immediately following a
response error are.significantly faster for Type B
| subjects than for Typé A subjects.
. J .

One hundred and twentf-gubjects ranging in age from 55 to 84
years voluntarily took part in this study. All of the subjects
were questioﬁed as to the state of their physica} and visual
health prior to their actuél participation. Only/those subjects
who met the physical fitness and visual acuity standards outlined
earlier (see p.75) Jere allowed to attempt the task. Subjects
aged 55 to 64 years were caﬁegorized.on the basis of their age
and their gender. All‘of the subjects over 75‘y¢ars of age were
found to have a Type B behavioral profiie. Therefére, all of the
comparisons of cardiovascular behavioral profile (Type ‘A vs.
Type B) performance were. limited to those-subjects qomprisiné the
four youngest age goups (55 to 74 years). Each subject. completed
a series of eight trials on a subject-paced confinuous pursuif

tracking task. The National Research Council tracometer was

employed to assess the reaction of subjects to a stimulus
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presentation énd to the‘commiésion of an error. Inherent in the
task, as fixed by the instrument, were varying Qaspect.s of
directional probability _(0.25, 0.50, 0.75, and 1.00), movement
ampliéude (41, 82,‘123, 164mm), and boundary distance (1,2,3,4)}).
Throughout the (1004 1light) trialg ~each of the twenty
between-target movements appeared fivel times in a randomized
sequence. Subjects were also asked toc complete the Jenkins
Activity Survey which characterized the possible predisposition

to coronary heart disease on a continuous profile scale (Jenkins,

Zyzanski & Rosenman, 1969).

"Whenever possible, subjects were tested individually and
under ambieﬁf room lighting. All participants were encouraged by
the experimenter to proceed as quickly and és accurately in their
alignments. The control unit monitored the movement generated
output from the tracking un%}:potentiometer and then transcribed

it onto magnetic tape for future decoding.

For subjects aged 55 to 74 years of agé, a Gender X Age X
Type X Blocks {of trials) multivariate analysis of variance

. a
(MANOVA) with repeated measures on the last factor was performed

on the perforhance speed data, including the total reponse time,
the correct reaction time, and the non-overshoot movement time
scores. Their éotal response time by quintile scores were
subjected to a Gender X Age X Type X Quintile X Blocks (of
trials) univariate analysis of variénce (ANOVA) with repeated
measures on thg last two factors because the quintile breakdown
of this measure could not be equitably accomodated by the MANOVA

due to the manner in which tracometer data is coded. Similarly,
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to examine the effects of target Ppcation certainty on
performance Speedﬁ (1) cofrect reaction‘ time scores were
subjectéd to a Gender X Aée X Type X Directional Probability X
Blocks (of trials) univariate analysis of variance with reﬁeateq;
measﬁres on the lasﬁ two factors; and (2) non-overshoot movement
times were subjected to‘ a Gender X Age X Type X Movement
Amplitude X Blocks (of trials) univariate analysis of variance
with repeated measures on the last two factors. Performance
accuracy scores were calculated By error rate and overshoot rate.
The data for each of these two measures was submitted to a series
of Chi-Squared Tes£s. Finally, a Gender X Age X Type X Previous
Response Accuracy X Directional Probability X Block (of ﬁrials)
univa;iate analysis of variance with repeated measures on the
_.-last three factors was performed on the correct reaction times of
those responses immediately foLIowipg an'error response. All of
the aforementioned analyses were repeated exclusive of the Type

variable for subjects aged 55-84" years.

Conclusions

\\\A summary of the main fiﬁdings related to the hypotheses 1is

v founé on. ‘Table 21. In relation to the first three hypotheses,
which. are concerned with performance speed including total
response time, total response time by quintile, correct reaction

time and non-overshoot movement time; it was discovered that:
younger subiects were genérally significantly faster than were

older Subjects; males were generally significantly faster than

b were females; and the difference between the performance speed of
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Type A and Type B cardiovascular behavioral profiled subjects was

not significant. ™

- Table 21

Summary of the Observed Between-Group.Differences

Measure Experimental Groups

. Age Groups Genders Types
Total Response Time p<.001 p<.001 p>.i
Total Response Time p<.00Q1 p<.001 p>.1

by Quintile :

Correct Reaction Time pk.OOl p<.001 p>.1
Non-Overshoot p<.001 p<.001 ' p>.1
Movement Time
Error Rate p<.05 ' p» .05 p> .05
Overshoot Rate ' p<.05% §>;0€ p>.05
Reaction Time p>.05 p>.1 pr.1
Following a -
Response Error ————

Note: Types = Cardiovascular Behavioral Profile

o In relation to the fourth, £fifth, and sixth hypotheses,
which are concerned with performance accuracy including error
rate and overshoot rate, it was found that: the younger subjects
weré generally significantly more accurate than were the older
subjects; the difference between the accuracy of males and that
of females was noﬁ:significant; and the difference between Type A
and Type B cardiovascular behqyioral profile subjects was also
.not significant. In relatignfio.ﬁhe seventh, eighth, and ninth

hypotheses, which are concerned with reactions of subjectsg to
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committing an error, it was found that following a response
error: oldér subjects did not slow their reaction times
significantly more .than did younger -subjects; females did not
slow their reaction times significéntly more than did the lmales;
and Type A subjects did not slow their reaction times
siginificantly more Ehan did the Type B cardiovascular behavioral

profile subjects. *

~

Within the limitations of this study, the following
conclusions could also be made with respect to motor performance

by an adult population

(1) Practice resulted in an improvement in measures of
performance speed and accuracy for all subjects,
especially for those over 75 yéars of age;

and especially for females.

(2) All groups significantly modified their response
speed from the first to the fifth quintile, i.e.,
the more familiar the between-target movement was,

the faster was the response.

{3) The increése in correct reaction times with
decreasing directional probability was not
significantly disproportionate for subjects
older \than 70 years of age, beyond that observed

thr subjects younger than 70 years of age.
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(4) Identifying subjects on the basis of hfonological age
and gender provided a more accurate representation
of the subject’s performance capabilities than

categorization on either dimension alone.

(5) The performance of subjects seﬁg;£y years of age
and older was consistent with those subjects who

sacrifice speed for the sake of accuracy.

(6) The speed and the accuracy of the performance
of subjects still very active in community service
was superior to that of their more sedate

same-sex contemporaries.

Recommendations

‘
Based upon literature reviewed pertaining to cardiovascular

dysfunction, there was evidence to sugqgst that a significant
difference in both performance speed and accuracy would exist
between the two cardiovascular behavioral profile groups. Since
the present study could not support this prediction it would seem
that more research aimed at isolating the origins of, and the
onset of the influence of the alleged cardiovascular behavioral

profile on motor performance is necessary.

Both the review of ‘literature and the results of this study
suggested that the anxiety perceived by, or experienced by
seniors in testing situations be recorded, and 1in the  best

interests of the subject, fears beg alleviated. It might also be
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of interest to future investigations to record and compare the
strategies employed by each of the subjects in performing complex
motor tasks, in particular, those strategies used by each gender,
and/or- by each age group. Was speed sacrificed for accuracy? or

vice-versa?

In addition, based upon the results of this study it would
be interesting to compare the motor performance of those who have
active lifestyles, involving continuéd decision-making with those
who are more §edate and restricted in their decision-making. An
extrapolation of this point would involve a comparison of the
motor performance of persons who live independently with those
who live in facilities catering to the needs of the elderly.
Although not possible within the confines of the present study,
these latter comparisons might be an interesting examination into
the effects of withdrawa:g}rom daily decision-making on overall
motor performance. It is also recommended that -any research
investigating the effects of ontogenetic change on performance
include equal numbers of both males and females of the same age,’
and take into account the effect of practise, for example by
using _é repeated measures design. Otherwise, serious
misrepresentation of the‘trué'potential of the adult population
may result. This in turn would not only be detrimental to the
validity of the investigation, but ipvariably dispaggging to the

image of the elderly as well,



Page 147

Limitations

-

-y With any study there are limitations to the generalizations
-that can be made following the ptes;ntation‘of the results.
Having categorized the subjects -by age, geéﬂer, and by.
cardiovascular behavioral profile, the resultant cell sizes were
small. Even though the tracometer yields an abundance of
information for each subject per trial, perhaps had time
permitted and there béen more subjects _per group some of the
findiﬁés might have been more statiséically signﬁ?icant. Recall
that in the present study no | direct analysis was employed to
assess the effects of task complexity and of practise on
adaptations to reaction times éollowing a response error, In
light of the pervading influence that these two wvariables
demonstrated on performance measures cited throughout this
thesis, the incorporation of ‘a design accomodating this
assessment might have proven useful. It must also be remembered
that only healthy seniors participated in this study,
consequently the application of these results = to persons
suffering “ from varying degrees of cardiovascular,
cerebrovascular, or biomechanical dysfunction would be

misleading.
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Composite of the Performance Speed Measures
(Ages 55 to 74 years)

Source ) Multivariate Univariate
Pillais . Derived F
Approx. F
TRT - CRT NO-OVNT

o e e e t
Age . 3.27%w%k 12 .27xnkx G ATHANN 9 Blhkax
Gender 5.98%nkx 16.01*nwn 4. 6T Hkhn 13.89%*xx
Type 0.91 ' 0.03 1.13 0.23
Task Complexity N.A. N.A. 250.46%% %% 532 22k kan
Block (of trials) 12,93*%*» BO.29%mwx  J0 4T%nwn 40, 95k
#Age X Gender 1.09 0.97 0.84 0.99
Age X Type 0.64 1.00 1.24 0.91
Age X Complx N.A. N.A. . 0.44 2.93 %%k 7
Age X Block . 1.36 1.36 1.32 0.66
Gender X Type 1.46 1.16 0.74 - 0.00
Gender X Complx N.A. N.A. 0.%0 2.56
Gender X Block 3.17%w 3.28%~ 3.37%* 3,89
Type X Complx N.A. N.A. 0.13 0.23
Type X Block 0.89 0.13 .15 1.22
Complx X Blbck N.A. N.A. 3.00%w%x 8.58wkww
Age X Gen X Type 0.65 0.40 0.33 .10
Age X Gen X Complx N.A. N.A. 0.78 0.93
Age X Gen X Blk 1.44 1.71 1.37 3.15%kx
hge X Typ X Complx N.A. N.A. 0.85 0.48
Age X Typ X Blk 0.78 1.47 1.45 0.63
Gen X Typ X Complx N.A. N.A. 0.11 0.46
Gen X Typ X Blk .82 0.23 0.28 0.41
Age X Complx X Blk N.A. N.A, 0.82 0.50
Gen X Complx X Blk N.A. N.A. 0.52 1.33
Typ X Complx X Blk. N.A. N.A. 0.72 1.26
Age X Gen X Typ . /,ﬂ’
X Complx N.A. N.A. 1.15 0.70
Age X Gen X Typ .
X Blk 0.99 1.55 0.69 0.30
Age X Gen X Complx ¥ i
X Blk ‘ N.A. N.A. 1.48 1.59
Age X Typ X Complx '
X Blk ., N.A TERNAL 1.13 1.14
Gen X Typ X Complx '
X Blk N.A. N.A. 0.86 ¢.82
Age X Gen X Typ -

X Complx X Blk N.A. N.A. 1.2¢ \0.54
Note: * \?

TRT = Total Response Time
CRT = Correct Reaction Time
NO-OVMT = Non-Qvershoot Movement Time
Type = Cardiovadcular Behavioral Profile
Task Complexity = depicts effect of Directional Probability
on CRT; and of Movement Amplitude on NO-OVHT
N.A. = Analysis not applicable

Interaction Abbreviations:
Gen = Gender; Typ = Type (as above);
Complx = Task Complexity {as above); Blk = Block of trials
Significance Level: * = p<.05 ** = p<.025
#nk m p¢. 0l MRn% w pe.001
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Composite of the Performance Speed Measures
; {Ages 55 to 84 years) '

e e e o e e v e A e e T T o B T o A e e o e ekl S S LB S B B S T S o o o i o Tt WY Y o Y . o e e ek e

Source Multivariate Univariate

- Pillais Derived F

Approx. F TRT CRT NO-~-OVMT

Age 1,94%* 6.45%*k* 4:78kkkk  § BE*Kkk
Gender : 2,61% 6.31%% 2.68 6.92% %%
Task Complexity N.A N.A. 195.46***k 526,28 %k k%
Block (of trials) 10.01 .93 .84xxk% BT 02%kkk 2] HTkkAk
Age X Gender 0.56 - 0.41 0.68 0.22
Age X Complx N.A. N.A. 0.43 2.68%xwx
Age X Block 1.05 3.00 2.53 0.81
Gender X Complx N.A. N.A. 0.54 2.46
Gender X Block . 1.02 4,.15%*%% 5.1 7wk 0.54
Complx X Block N.A. N.A. 3.16%k%k 4 4Bkwkw
Age X Gen X Complx  N.A. N.A. 0.80 0.76
Age X Gen X Blk 0.89 0.41 1.41 1.16
Age X Complx X Blk N.A. N.A. 1.14 1.09
-Gen X Complx X Blk N.A. N.A. 1.54 0.63
Age X Gen X Complx '
X Blk N.A. N.A 1.20 1.23
Note:
TRT Total Response Time

" CRT Correct Reaction Time
NO-OVMT = Non-Overshoot Movement Time
Task Complexity = depicts effect of Directional Probability

on CRT; and of Movement Amplitude on NO-OVMT
N.A. = Analysis not applicable
Interaction Abbreviations:

Gen = Gender; Complx = Task Complexity (as above);
Blk = Block of trials
Significance Level: * = p<.05 ** = p<,025

kkk = p<.01 KEkAK p<,001
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APPENDIX C

UNIVARIATE ANALYSES OF TOTAL RESPONSE TIME MEASURES



Total Response Time Scores
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Ages 55-74
df

Ages 55-84¢

Between- Subjects

Age

GendeY

Type

Age X Gender

Age X Type

Gender X Type

Age X Gender X Type
residual

Within-Subjects

Block (of trials)

Age X Block

Gender X Block

Type X Block

Age X Gender X Block
Age X Type X Block
Gender X Type X Block
Age X Gen X Typ X Blk

BO.29%%x% 3
1.36 9
3.28%* 3
0.13 3
1.71 9
1.47 9
0.23 3
1.55 9

192
318

F af
8.68%*%* 5
10.11%%%kn% 1
N.A.
0.21 5
N.A.
N.A.
N.A.
48
93.84 *wwr 3
3.00 = 15
4.15 ** 3
N.A.
0.41 15
N.A.
N.&.
N.A. ‘ “\
144
239

Analysis not applicable

residual
Total
Note
N.A. =
Interaction Abbreviation:
Gen = Gender
Tvp = Type
Blk = Block
Significance Level: *

ok *
<

nou

p<.05
p<.01

** p<.025
*kkxk = p<. 001
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Total Response Time By Quintile

Source . Ages 55-T74

F

daf

- Page 174

e e e el o v e e e P o e e L . S i

Between-Subjects

Ages 55-84

F df
B.E6Banwx 5
10,1 %hkw . 1
N.A.

0.21 5
N.A.

N.A. ,
N.A.

- 48
G3.9dnwnxn 3
3.00%Kkk* 15

J.134Hk*x 3
N.A.
0.41 15
N.A.
N.A.
N.A.
144
B.7Gnkkx 4
1.09 ! 20
0.36 4
N.A.
0.73 20
N.A.
N.A.
N.A.
192
T.TTonken 12
1.06 60
1.05 12
N.A.
0.71 60
N.A.
N.A.
N.A.
576
4
1199

Age 12.24%h%x 3
Gender 15,984 %%+ 1
Type . 0.04 1
Age X Gender 0.97 3
Age X Type 1.01 3
Gender X Type 1.19 1
Age X Gender X Type 0.41 3
residual - 64
Within-Subijects
Block (of Trials)_, BO.22x#k*w 3
Age X Block 1.35 9
Gender X Block J.264N% 3
Type X Block 0.13 3
Age X Gender X Block 1.71 9
Age X Type X Block 1.46 g
Gender X Type X Block 0.22 3
Age X Gen X Typ X Blk 1.55 9
residual 192
Quintile 3,44k *kh* 4
Age X Quintile 1.50 12
Gender X Quintile 1.95 4
Type X Quintile 0.99 4
Age X Gen X Quin 1.39 12
Age X Typ X Quin 0.97 12
Gen X Typ X Quin 1.63 4
Age X Gen X Typ X qun 1.58 12
residual 256
Block X Quintile 10, 46**** 12
Age X Blk X Quin 1.04 36
Gen X Blk X Quin 1,58 12
Typ X Blk X Quin 0.51 12
Age X Gen X Blk X Quin 1.26 36
Age X Typ X Blk X Quin 1.29 36
Gen X Typ X Blk X Quin 0.78 12
Age X Gen X Typ X Blk
"X Quin 0.72 36
residual 768
Total 1599
Notes
N.A| = Apalysis not applicable
Int racthn Abb) eviations:
Gesy' = Gender '
Ty = Type
Blk “a~-8lock /
Quin = qunt{ie
Significance Level: * = p<.0S

- *ax = p<L01

*% m p<.025
*xwk w pg.001
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UNIVARIATE ANALYSES QF CORRECT REACTION TIME MEASURES
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Correct Reaction Time Measures for Three Levels
of Directional Probability (1.00, 0.75, 0.50)

Source Ages 55-74 Ages 55-84
df

Between-Subjects

Age -6 ATHRAN 3 G.64%m%h 5
Gender 4.,67+%x* 1 3.41 1
Type 1.12 1 N.A.
Age X Gender 0.84 3 1.45 5
Age X Type 1.24 3 N.A.
Gender X Type 0.74 1 N.A.
Age X Gender X Type 0.33 3 N.A.
residual 64 48
Within-Subjects .
Block (of trials) T 47 x%Rxn 3 BT .02%%wx 3
Age X Block 1.32 9 2.53xAwx 15
Gender X Block 3.33xn 3 5.17k%*% 3
Type X Block 0.15 3 N.A.
Age X Gen X Blk 1.37 9 1.41 15
Age X Type X Blk 1.39 ' 9 N.A. =
Gen X Typ X Blk 0.28 =7 3 N.A.
Age X Gen X Typ
X Block . 0.69 9 N.A.
residual 192 144
Probability 250.46x %% 2 195.46%*%** 2
Age X Prob 0.44 6 0.43 10
Gender X Prob 0.90 2 0.54 2
-Type X Prob 0.13 2 N.A.
Age X Gen X Prob 0.78 6 0.80 10
Age X Typ X Prob 0.85 6 N.A.
Gen X Typ X Prob 0.11 2 N.A.
Age X Gen X Typ
X Prob 1.15 6 N.A. )
residual 7 128 96
Block X Prob 3.00%*** 6 3.1g***% 6
A Age X Blk X Prob 0.82 18 1.14 30
Gen X Blk X Praob 0.52 6 1.54 6
Typ X Blk X Prob 0.72 6 N.A.
ARge X Gen X Blk
. X Prob 1.48 18 1.20 30
Age X Typ X Blk
X Prob 1.13 18 N.A,
Gen X Typ X Blk
X Prob 0.86 6 N.A.
Age X Gen X Typ
X Blk X Prob 1.20 18 N.A.
residual 384 288 -
oy .
Total 959 719 -

N.A. = Analysis not applicable

Probability = birectional Probability

Interaction Abbreviations:

Gen = Gender

~ Typ = Type

Blk = Block

Prob = Directional Probability

Significance Level: * = p<.05 ** m p<L025
#k* w p¢. 01 Arxkx = op¢ 001
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L]

Correct Reaction Times (msec) For Gender

X Block X Directional Probability

Directional Probability
0.50

569

28.

479

14.

551

30.

469

15.

534

28.

459

14.

541
26.4

488
15.1
568
36.8
490,
14.5
558
27.5

474
15.2

e e e — = o —— T o oy o e ek e e o e e o o T T T T Tt 35 o e e e ok B e (o T T — A T o . T . ks S S . S o

Gender
1.00 0.75
Female 577 615
(&8D) 37.4 28.
Male 464 517
{SD) 19.5 18.
Female 484 544
{SD) 30.6 27.
Male 420 471
{SD) - 17.5 14.
Female 459 521
(sSD) 31.0 28.
Male 392 + 447
{sD) 16.1 15.
Female 440 512
(SD) 30.3 32.
. Male 384 447
(SD) 15.9 16.
(5D} = Standard Deviation

(.
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Non-Ovetshoot Movement Time for four Levels
of Movement Amplitude (41, 82, 123, 164 mm)

Page 179

5

df

S.q3nnnn 5
B.30wni* 1
N.A.

0.22 5
N.A.
N.A.
N.A.
48

21.57n%dkn 3

——————————

0.81 15
0.54 3
N.A. A
1.16, 5
N.A, )
N.A.
144

26. .28 knxn
1.98#%*» 15
2.26 3.
N.A. -

0.76 % 15
N.A.-

N.A.

NiR.

’ 144
~4,464x%x ' Q
1.09 ’ 45
0.63 "8
N.A.
1.23 45
N.A.

N.A.
N.A

B 432

959

3_‘7 i

)

Source Ages 55-74
F df

Between-Subject
Age G.2T7hknn 3
Gender 12,d6%*nx 1 .
Type ' 0.15 1
Age X Gendet . 0.97 3
Age X Type . . 0.82 3.
Gendér X Type ©0.00 1’
Age X Gen X Typ 0.14 i -

residual 64
Within-Subjects
Block (of trials) 40.95nrnw 3
Age X Block 0.66 9
Gender X Block 3.89*x* -3
Type X Block 1.22 3
Age X Gen X Blk 3.15 9
Age X Typ X Blk 0.63 -9
Gen X Typ X Blk .0.41 3
Age X Gen X Typ

X Blk 0.30 9

residual . x) \k 192
Distance { 532.22%%%% © 3
Age X Dist 2.93%nnw 9
GendeT X Dist - 2.56 3
Type X Dist 0.23 3
Age X Gen X Dist 0.93 9,
Age X Typ X Dist 0.48 9
Gen X Typ.X Dist 0.46 3
Age X Gen X Typ

X Dist 0.70 9

residual 192
Block X Dist - " B.5BAkx# 9
Age X Blk X Dist 0.50 27
Gen X Blk X Dist 1.33 9
Typ X Blk X Dist . 1.26 9
Age X Gen X Blk X Dist 1.59 27
Age X Typ X Blk X Dist 1.14 27
Gen X Typ X Blk X Pist 0.82 9
Age X Gen X Typ

X Blk X Dist © 0.54 27

residual 576
Total 1279
Note:
N.A. = Analysis not applicable )

Distance = Target Distance
Intecaction Abbreviations:

Gen = Gender

Typ = Type

Blk = Block )
Dist = Target Distance

Significance Level: * = p<.0S
#%r = pc.0l

-

*% = p<.025
axsx w p<;001

Y
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X DIRECTIONAL PROBABILITY
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Table 23

Percentage of Errors fpr Block (of trials)
X Directional Probability

0.

Page 181

\ .

1.00 0.75
Female 7.0 2169'
(sp) . 1.0 1.6
Male ' 4.8 22.8
{5D) 0.9 1.

o |

Female 4.8 18.1
{SD) 0.7 1.1
Male 4.8 18.3
{SD) 0.8 11.2
Female 4.6 14.6
{Sbh) 0.8 1.0
Male 2.9 ™ 15-.8
{SD) 0.5 1.2
. L .
Female 5.5 13.9
(SD) lLO 1.0
Male 3.8 13.5
(sD) 0.8 1.1

B O [s= 8y

~1 o o

(SD) = Standard Deviation
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. Summary of“the ANOVA for. Correct Reaction Time
‘Following An Error Response

Directional Probability

~source 1.00 df  0.75

Betwéen-Subjects

Age ) G.Olx*wn 3 . 6.09%kkw 3
Gender oo 3.39 1 . 3.63 1
Type . - 0.91 1 1.20 1
Age X 'Gender 0.84 3 1.00 3
Age X Type . 1.58 3 1.08 3
Gender X Type . 0.57 1 / 0.80 - 1
Age X Gen X Typ 0.24 3 0.34 3
residual « B4 64
Within-Subjects
Block (of trials) T3.60Qn%** 3 T6.93xmww 3
Age X Block 1.10 9 0.5 X
Gender X Block 2.18 3 0.2 3
Type X Block 0.46 3 .2 3
_Age X Gen X Blk ’ 1.36 9 1. 15
Age X Typ X Blk | 0.86 9 1 9
Gen X Typ X Blk 1.48 3 0. 3
Age X Gen X Typ :
) X Blk 0.62 9 0 9
residual ‘ 192 192
Previous . 0.33 1 3.49 1
Age X Prev 2 0.48— — 3 0.13 3
Gender X Prev 1.16 1 0.46 1
Type X Prev ©0.19 1 0.92 1
Age X Gen X Prev * 1.29 3 0.23 3
Age X Typ X Prev 0.95 3 2.08 3
Gen X Typ X Prev 0.38 1 0.35 1
- Age X Gen X Typ .
X Prev 0.80 3 1.60 3
residual 64 64
Block X Prev 1.39 3 0.16 3
Age X"Blk X Prev 1.07 9 0.94 9
Gen X Blk -X Prev 2.23 3 0.01 3
Typ X Blk X Prev 1.13 3 0.45 3
Rge 'X Gen X Blk X Prev 1.33 9 0.89 g
Age X Typ X Blk X Pregv 1.02 9 0.73 g
Gen X Typ X Blk X Prev 1.62 3 1.61 3
Age’'X Gen X Typ
X Blk X Prev 1.60 .9 1.80 9
residual ~192 192
Total §39 639
Note

N.A. = Analysis not applicable

Previous = Previous Response Correctness
Interaction Abbreviations:

Genm— =7 Gender .
Typ = Type :

Bl = Block \ ’r
Prev = Previous Response Correctness

Significance Level: * = p<.05 ** m p<.025
#x4 w p<, 01 **x*k m p<,001

A}

—

.
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